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ABESTRACT 
 
Variation in Wood Fiber Characteristics Among 
Hardwood Species Growing in Low-Rainfall 
Woodland Savanna (Sudan) 
 
This study investigated the extent of variation in wood fiber characteristics 
among hardwood species growing in low-rainfall woodland savanna in 
Sudan, shapes of fiber tips and the presence of septate fibers.  The 
investigated fiber characteristics were: length, diameter, lumen diameter, 
double wall thickness, slenderness ratio, Runkle ratio and the coefficient of 
suppleness. The wood material was collected from thirty two species 
distributed in both Southern Kordofan state and Sennar state.  Three mature 
trees were used per species; two samples per tree. The maceration procedure 
of Shultze was used to macerate the wood. 
 
The results showed highly significant variation among species in all the 
investigated characteristics, significant variation among trees within species 
in double wall thickness, Runkle ratio and coefficient of suppleness, while 
Variation between samples within tree was significant in all the investigated 
characteristics with one exception in runkle ratio.  
 
Seven shapes of fibers tips had been observed in this study.  Thirteen species 
had septate fibers; some of them had exclusively septate fibers and the other 
had both septate and non-septate fibers. The remaining nineteen species have 
exclusively non-septate fibers. 
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   اﻻﻃﺮوﺣﺔﻣﻠﺨﺺ
ﻴﺎﻑ ﺒﻴﻥ ﺃﻨﻭﺍﻉ ﺍﻷﺨﺸﺎﺏ ﺍﻟﺼﻠﺩﺓ ﺍﻟﻨﺎﻤﻴﺔ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﺴﺎﻓﺎﻨﺎ ﺍﻟﺘﺒﺎﻴﻥ ﻓﻲ ﺨﺼﺎﺌﺹ ﺍﻷﻟ
  ﻤﻁﺎﺭ ﺒﺎﻟﺴﻭﺩﺍﻥﻷﻗﻠﻴﻠﺔ ﺍ
ﺨﺸﺎﺏ ﻷﻨﻭﺍﻉ ﺫﺍﺕ ﺍ ﺒﻴﻥ ﺍﻷﻟﻴﺎﻑ ﺍﻟﺨﺸﺒﻴﺔﻷﺴﺘﻬﺩﻑ ﻫﺫﺍ ﺍﻟﺒﺤﺙ  ﺩﺭﺍﺴﺔ ﻤﺩﻱ ﺍﻟﺘﺒﺎﻴﻥ ﻓﻲ ﺨﺼﺎﺌﺹ ﺍﺇ
ﺸﻜﺎل ﻨﻬﺎﻴﺎﺕ ﺃﺴﺘﻬﺩﻑ ﺩﺭﺍﺴﺔ ﺇ  ﻜﻤﺎ .ﻤﻁﺎﺭ ﻓﻲ ﺍﻟﺴﻭﺩﺍﻥﺍﻟﺼﻠﺩﺓ ﺍﻟﻨﺎﻤﻴﺔ ﻓﻲ ﻤﻨﻁﻘﺔ ﺍﻟﺴﺎﻓﺎﻨﺎ ﻗﻠﻴﻠﺔ ﺍﻷ
ﻟﻴﺎﻑ ﺍﻟﺘﻲ ﺘﻤﺕ ﺩﺭﺍﺴﺘﻬﺎ ﻜل ﻤﻥ ﻁﻭل ﻷ ﺸﻤﻠﺕ ﺨﺼﺎﺌﺹ ﺍ .ﻟﻴﺎﻑ ﺫﺍﺕ ﺤﻭﺍﺠﺯﻷﻟﻴﺎﻑ ﻭﻭﺠﻭﺩ ﺍﻷﺍ
 :ﻟﻴﺎﻑ ﻭﻜل ﻤﻥ ﺍﻟﻨﺴﺏ ﺍﻟﺘﺎﻟﻴﺔﻷﻟﻴﺎﻑ، ﺴﻤﻙ ﺠﺩﺍﺭ ﺍﻸﻟﻴﺎﻑ، ﻗﻁﺭ ﺍﻟﺘﺠﻭﻴﻑ ﺍﻟﺨﻠﻭﻱ ﻟﻷﻟﻴﺎﻑ، ﻗﻁﺭ ﺍﻷﺍ
  ﺘﻡ ﺠﻤﻊ ﺍﻟﻌﻴﻨﺎﺕ ssenelppus fo tneiciffeoC dna oitar elknuR ,oitar ssenrednelS.
ﺨﺫ ﻋﻴﻨﺘﻴﻥ ﻤﻥ ﺃ ﺍﺴﺘﺨﺩﻤﺕ ﺜﻼﺜﺔ ﺸﺠﺭﺍﺕ ﻤﻥ ﻜل ﻨﻭﻉ، ﺘﻡ  .ﻤﻥ ﻭﻻﻴﺔ ﺴﻨﺎﺭ ﻭﻭﻻﻴﺔ ﺠﻨﻭﺏ ﻜﺭﺩﻓﺎﻥ
  . ﻟﺘﻔﻜﻴﻙ ﺍﻟﺨﺸﺏeztluhSﺍﺴﺘﺨﺩﻤﺕ ﻁﺭﻴﻘﺔ . ﻜل ﺸﺠﺭﺓ
  
ﻟﻴﺎﻑ ﺍﻟﺘﻲ ﻷﻨﻭﺍﻉ ﺍﻟﺸﺠﺭﻴﺔ ﻓﻲ ﻜل ﺨﺼﺎﺌﺹ ﺍﻷﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﻭﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﺔ ﺒﻴﻥ ﺍ
ﺸﺠﺎﺭ ﺍﻟﻨﻭﻉ ﺍﻟﻭﺍﺤﺩ ﻓﻲ ﻜل ﻤﻥ ﺴﻤﻙ ﺍﻟﺠﺩﺍﺭ ،ﻨﺴﺒﺔ ﺃﻨﻭﻴﺔ ﺒﻴﻥ ﺸﻤﻠﺘﻬﺎ ﺍﻟﺩﺭﺍﺴﺔ، ﻓﺭﻭﻗﺎﺕ ﻤﻌ
 ﺒﻴﻨﻤﺎ ﻜﺎﻨﺕ ﺍﻟﻔﺭﻭﻗﺎﺕ ﺒﻴﻥ ﺍﻟﻌﻴﻨﺎﺕ ﺍﻟﺘﺎﺒﻌﺔ ﻟﻨﻔﺱ .ssenelppus fo tneiciffeoC ﻭ elknuR
ﻜﻤﺎ ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﻭﺠﻭﺩ ﺴﺒﻌﺔ ﺃﺸﻜﺎل   .elknuRﺍﻟﻨﻭﻉ ﻤﻌﻨﻭﻴﺔ ﻓﻲ ﻜل ﺍﻟﺨﺼﺎﺌﺹ ﻤﺎ ﻋﺩﺍ ﻨﺴﺒﺔ 
 ﻴﺎﻑ ﺫﺍﺕ ﺤﻭﺍﺠﺯ، ﺃﻅﻬﺭﺕ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺜﻼﺜﺔ ﻋﺸﺭ ﻨﻭﻋﺎﹰﻟﻷﻭﻓﻴﻤﺎ ﻴﺨﺘﺹ ﺒﻭﺠﻭﺩ ﺍ.  ﻟﻨﻬﺎﻴﺎﺕ ﺍﻻﻟﻴﺎﻑ
ﻟﻴﺎﻑ ﺫﺍﺕ ﺃﻟﻴﺎﻑ ﺫﺍﺕ ﺤﻭﺍﺠﺯ، ﺒﻌﻀﻬﺎ ﺘﺤﺘﻭﻱ ﻋﻠﻲ ﺃﻨﻭﺍﻉ ﺍﻟﺘﻲ ﺘﻤﺕ ﺩﺭﺍﺴﺘﻬﺎ ﺘﺤﺘﻭﻱ ﻋﻠﻲ ﻷﻤﻥ ﺍ
ﻟﻴﺎﻑ ﻷﻟﻴﺎﻑ ﺫﺍﺕ ﺤﻭﺍﺠﺯ ﻭﺍﻷﺨﺭ ﻴﺤﺘﻭﻱ ﻋﻠﻲ ﺨﻠﻴﻁ ﻤﻥ ﺍﻷﺤﻭﺍﺠﺯ ﺒﻨﺴﺒﺔ ﻤﺎﺌﺔ ﻓﻲ ﺍﻟﻤﺎﺌﺔ ﻭﺍﻟﺒﻌﺽ ﺍ
  .ﻟﻴﺎﻑ ﺸﻔﻭﻴﺔ ﻓﻘﻁﺃﻴﺔ ﻋﻠﻲ ﺍﻟﺸﻔﻭﻴﺔ، ﺒﻴﻨﻤﺎ ﺘﺤﺘﻭﻱ ﺍﻟﺘﺴﻌﺔ ﻋﺸﺭ ﻨﻭﻉ ﺍﻟﻤﺘﺒﻘ
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CHAPTER ONE 
INTRODUCTION 
 
Wood is a major renewable natural resource; it is the primary raw material 
for the wood products industry. It is a fascinating material, highly versatile, 
and is used in a multitude of forms throughout the world. Understanding the 
extent of variability of wood is important in wood uses; furthermore, the 
suitability or quality of wood for a particular purpose is determined by the 
variability of one or more of fiber characteristics, which affect its structure 
and hence its physical properties (Panshin and de Zeeuw 1980). 
 
Wood is made up of cells of varying shapes and sizes. The structure and 
properties of timber are closely connected to their functions in the growing 
tree.  Wood conducts water and dissolved mineral salts from the roots to the 
leaves; it acts as a mechanical support for the tree as a whole, and it serves 
as a storehouse for food materials. The cellular structure of wood is 
especially designed to perform these three essential functions. The 
mechanical support in wood of hardwoods is due to long and narrow cells 
with closed ends namely fibers (Panshin and de Zeeuw 1980). 
 
The fibers are present only in wood of hardwoods and contribute to 50% or 
more of the total wood volume (Tsoumis 1968, Jane 1970, Mc Millin and 
Manwiller 1980, and Ilvessalo-Pfäffli 1995).  Fibers, as part of the wood 
structure differ in their characteristics (e.g. length, diameter, shape, etc.) 
from one species to anther, and also at different heights within the same tree 
species (Panshin and de Zeeuw 1980).  
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Previous studies have shown that fiber morphology is an important indicator 
for end-use. For instance it affects papermaking properties of wood species. 
Some relationships were established to predict paper properties from fiber 
characteristics (Nasroun 1979).  Anthor investigation studied the relationship 
between anatomical structure and wood mechanical properties (Wilson and 
White 1986, and logan 2006).  
  
Wood anatomy is described as fundamental basis of timber utilization.  
Wood anatomical studies have a special significance in countries like Sudan 
where only a few timbers are well known.  A wood anatomist can suggest 
uses, especially for woods that are not in a commercial demand. The 
anatomical studies of sudanese timbers are expected to be of utmost 
importance in the very near future as the country is entering the era of oil 
production.  This is because oil will gradually replace wood, the main 
energy resource, and hence great amounts of wood will be available for uses 
other than energy. 
 
Very meager information is available on fiber characteristics of wood 
species growing in Sudan.  Sudan, even in the low rainfall savanna, is rich of 
wood species belonging to many taxa and the wood structure is species-
specific; this is expected to lead to great variations in fiber characteristics. 
Fiber characteristics can be used as a good guide for suitable uses of wood 
and as fundamental basis for fiber classification and wood identification. 
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Objectives: 
This work is an attempt to study: 
-The extent of variations in fiber characteristics among hardwood species 
growning in low rainfall woodland savanna (Sudan).  
-Shape of fiber tips. 
-Presence of septate fibers.  
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CHAPTER TWO 
LITERATURE REVIEW 
  
Definition and Functions of Wood Fiber 
The term fiber is frequently used loosely for any kind of wood cell, and 
specifically it applies to long, narrow cells with closed ends, other than 
tracheids (Panshin and de Zeeuw 1980).  Fiber is a type of sclerenchyma cell 
characterized by very thick and tough secondary walls impregnated with 
lignin (Rasheed and Dasti 2003).  It is composed of five distinct layers of 
crystalline cellulose (fibrils) wrapped in a cylindrical shape with an open 
center, or a lumen, namely middle lamellae (ML), primary wall (P), 
secondary walls S1, S2 and S3 (Logan 2006).  The proportion of fibers in 
hardwoods might contribute to 50% or more of the total wood volume 
(Tsoumis 1968, Jane 1970, Mc Millin and Manwiller 1980, and Ilvessalo-
Pfäffli 1995). 
 
Fiber is an elongated cell with pointed ends having a thick and sometimes a 
thin wall (Panshin and de Zeeuw 1980).  Ilvessalo-Pfäffli (1995) defined the 
fiber as long, narrow, and thick-walled cell. The ends are pointed, sometimes 
forked, or equipped with dentations.  Tsoumis (1968) has the same definition 
with the addition that fibers have simple and slit like pits, closed ends, the 
walls may be thick or thin, and the lumina are narrow or large.  This varies 
mainly with species, however, fibers produced towards the end of the 
growing period are, as a rule, thick- walled and tangentially flattened, and 
the latter characteristics are sometimes helpful in defining the boundaries of 
growth rings in some diffuse-porous species.  
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Fibers are classified into two types: fiber tracheids with bordered pits and 
libriform fiber with simple pits (Tsoumis 1968, Jane 1970, Panshin and de 
Zeeuw 1980, Koch 1985, and Wilson and White 1986).  Both of the types 
are defined according to the definition of wood anatomists.  The fiber 
tracheid is a fiber similar to tracheids; commonly thick-walled with small 
lumen, pointed ends, and bordered pit pairs having lenticular to slit-like 
apertures.  The fiber tracheid term is usually applied to cells in hardwoods 
and also applicable to the late-wood tracheids of softwood.  The libriform 
fiber is defined as an elongated; commonly thick-walled cell in hardwoods 
having apparent simple pitting (Commnittee on Nomeclature 1964, Jane 
1970, Panshin and de Zeeuw 1980).  
 
Tsoumis (1968), Jane (1970), Panshin and de Zeeuw (1980), Koch (1985) 
and Wilson and White (1986) sited that the basis of distinction between the 
two types of fibers is the nature of pitting; fiber tracheids have bordered pits, 
while pits are simple in libriform fibers.  Tsoumis (1968) added that 
libriform fibers are also usually smaller than fiber tracheids in length and 
diameter, and have narrow lumina that are often difficult to see under low 
magnifications. 
 
Fiber tracheids and libriform fibers may occur in the same wood and the 
transition between them is often so gradual that it might be an arbitrary 
matter in assigning a given cell to one or to the other type (Panshin and de 
Zeeuw 1980).  Both exhibit a number of modifications, some of which are of 
diagnostic value.  The inner surface of the secondary wall of fibers is 
smooth, and in some woods spiral thickening may be present.  In other 
woods, thin transverse walls form in the fibers, resulting in a separate 
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libriform fiber or fiber tracheids.  Such transverse walls extend only to the 
inner surface of the lateral secondary walls of fibers, dividing it into two or 
more compartments.  This feature is rare in temperate-zone woods but 
common in tropical timbers (Panshin and de Zeeuw 1980, Ilvessalo-Pfäffli 
1995).  Commnittee on Nomeclature (1964), Neumann, et al. (2000) and 
Richer and Dallwitz (2000) defined septate fibers as fibers with thin, 
unpitted and transverse wall(s). 
 
Septate fibers have respeatedly been shown to contain starch (Panshin and 
de Zeeuw 1980, Carlquist 1988), at least in some species and at some 
seasons. Therefore, the function of septate fibers may be regarded as like 
that of axial parenchyma. Species with septate fibers might be expected, 
hence they have not abundant axial parenchyma, and that expectation is 
often realized (Carlquist 1988).  
 
IAWA Committee (1989) in its list of microscopic features for hardwood 
identification classified the presence of septate fibers to be exclusively 
septate if all fibers are septate, septate and non-septate if both septate and 
non septate fibers occur together, and exclusively non-septate if all fibers are 
non septate. 
 
Another modification of fibers consists of the gelatinous fibers, encountered 
mostly in tension wood of hardwoods, but also mixed with unmodified 
fibers in the normal wood of Oaks (Quercus spp) (Panshin and de Zeeuw 
1980).  These fibers differ from the normal ones in possessing an innermost 
cell wall layer, which differs in both physical and chemical properties from 
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the usual secondary cell wall layer (Panshin and de Zeeuw 1980, Ilvessalo-
Pfäffli 1995). 
 
The primary function of fibers is to provide mechanical support to the living 
tree and involved in conduction and even in storage (Tsoumis 1968, Jane 
1970).  Ilvessalo-Pfäffli 1995 added that fiber tracheids can also participate 
in conduction.  
 
Importance of Wood Fiber Characteristics  
Ilvessalo-Pfäffli (1995) indicated that the length, width, wall thickness and 
the shape of fiber ends are of restricted diagnostic value. Also the author 
emphazed that in species identification, attention has to be paid to the 
general shape of fiber (ribbonlike, cylindrical, of even or uneven width) 
which related to or depend upon the slenderness ratio.  Other concluded that 
presence of septate fibers has a high diagnostic value (Panshin and de Zeeuw 
1980, Neumann et al. 2000). 
 
Mechanical wood properties of stiffness and strength are related to species, 
moisture content, and fiber characteristics (Logan 2006).  Mechanical timber 
strength is related closely to its weight; more accurately, to its density or 
weight per unit volume and this in turn depends largely on the proportion of 
fiber cells in its make-up and the thickness of their cell walls (Wilson and 
White 1986).  Generally, higher proportion of thick-walled fibers is 
assossiatede higher strength (Haygreen and Bowyer 1989, Bues and König 
2004).  
 
 8
Rasheed and Dasti (2003) reported that the shape of fiber cell, its length and 
wall structure are important in the fiber industry.  Special attention is paid to 
the length of the fiber and the extent to which neighboring fibers overlap and 
joined to one anther.  Fiber length affects the strength, surface, and bonding 
properties of fiber products and is therefore of interest, for many purposes, 
long fibers are more desirable than short ones (Dadswell and Nicholls 1959).  
Long fibers shrink less longitudinally than short fibers.  For some purposes, 
short fibers are required, either alone or in mixture with long fibers (Koch 
1985).  Changes in the physical properties might be due to the differences in 
fiber morphology (Rowell et al. 2000). 
 
Importance of Wood Fiber Characteristics in Plup and Paper  
Fibers are the principal component of paper and other products derived from 
pulp (Mc Millin and Manwiller 1980).  It is used in paper industry and many 
types of papers are manufactured depending on fibers physical and chemical 
properties (Clark 1965).  Horn (1978) reported that physical properties of 
sheets made from hardwood pulp fibers are very much dependent upon fiber 
characteristics and that fibers with thick walls result in paper having low 
burst and tensile strengths, a high degree of resistance to tear and a very low 
folding endurance. 
 
The relationship of burst and tensile strengths to cell wall thickness is 
explained by the fact that these properties are very dependant upon a high 
degree of fiber-to-fiber bonding, which is affected by cell wall thickness 
(Haygreen and Bowyer 1989).  These facts might lead to the conclusion that 
the thick-walled fibers are difficult to beat to a low freeness level as 
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compared to the thin-walled fibers.  The primary cause for low apparent 
bond potential of thick fibers is that paper is manufactured on a weight basis, 
meaning that the number of fiber in a sheet is inversely related to the density 
of fiber walls. Secondly, the thick-walled fibers have less surface area per 
unit weight than the thin-walled fibers.  The two factors translate very 
simply to lessened opportunities for inter-fiber bonding.  Tear strength is 
influenced by the extent of inter-fiber bonding.  The individual fiber strength 
which, however, has direct relationship with wall thickness has an effect on 
the tear resistance (Haygreen and Bowyer 1989).  
It has been reported that fiber length had an effect on paper properties.  
Paper with desirable strength properties could be made from long fibered 
wood species (Horn 1978).  Other investigators reported that the greater the 
fiber length the higher is the tear resistance (Watson and Dadswell 1961, 
Haygreen and Bowyer 1989). Bursting strength of sheets made from 
unbeaten hardwood pulps also depends upon fiber length (Horn and 
Setterholm 1990).  Rowell et al. (2000) noted that knowledge of fiber length 
and width was important for comparing different kinds of agro-fibers, and a 
high aspect ratio (length/width) was, also, very important in agro-based fiber 
composites as it gave an indication of possible strength properties.  
Horn (1978) reported that the wood-fiber characteristics, which have often 
been associated with paper strength (in particular, paper made from 
hardwoods), are the length to diameter ratio (L/D) and Runkel ratio (twice 
cell wall thickness/lumen diameter), which is a microscopic extension of 
wood density in that wall thickness and lumen width are the basic factors 
used in their determination.  The L/D ratio has been shown to be unreliable 
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in providing basic information on strength properties dependent upon fiber 
bonding. 
Horn and Setterholm (1990) found that the majority of the variation in 
bursting and tensile strength could be accounted by fiber length and cell wall 
thickness; therefore they developed a new pulp index referred to as the L/T 
ratio, i.e., the ratio of fiber length, to cell wall thickness.  Also Horn (1978) 
reported that the primary factor in the tensile strength of unbeaten pulps was 
L/T ratio.  After beating, the L/T ratio is the dominant factor for both 
bursting strength and tensile strength.  This most probably reflects the 
greater degree of fiber collapse which results from beating.  The fibers 
become more flexible and conformable which in turn provides for more area 
to be developed for bonding along the fiber’s length.  Therefore, bursting 
and tensile strength, being dependent upon the formation of fiber-to-fiber 
bonds, is greatly influenced by fiber length and cell wall thickness (Horn 
1978).  
Variation in Wood Fiber Characteristics 
Wood is a raw material of variable structure.  The fiber as one of this 
structure has variable characteristics; these characteristics differ between and 
within species, and between and within trees (Panshin and de Zeeuw 1980). 
 
Variation among species 
Fiber length: 
Tsoumis (1968) reported that fiber length varies among species, ranging 
between 1 and 2 mm.  Ilvessalo-Pfäffli (1995) reported that average fiber 
length ranges from 0.7 to 2.0 mm.  Yousif (2000) studied the variation 
among eight Acacia species and reported significant differences in fiber 
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length.  Acacia nilotica was similar to A. drepenolobium, A. nubica, A. laeta 
and A. mellifera, they had significantly higher values than A. seyal, A. 
polyacentha and A. senegal. 
 
Measurements of wood fiber length were made in ten species (Acacia 
nilotica, A. seyal, A. tortilis, Albizia amara, Anogeissus leiocarpus, Blanites 
aegyptiaca, Eucalyptus microtheca, Faidherbia albida, Stereopermum 
kunthianum and Terminalia brownii) by Osman (2001).  Significant 
differences between species had been found.  The average values ranged 
from 0.972 mm in Eucalyptus microtheca to 1.17 mm in Balanites 
aegyptiaca. B. aegyptiaca and A. nilotica had the longest fiber length 
followed by Stereopermum kunthianum and Albizia amara, which had 
longer fibers than the remainder of the species. The shortest fibers were 
found in E. microtheca, while A. leiocarpus was higher in value than E. 
microtheca, but lower in value than the others (Osman 2001). 
 
Babos (1979) studied fiber length of seven Cuban hardwood species in 
comparison with two species grown in Hungary and didn’t detect significant 
difference between the seven tropical species and the two temperate species.  
Rasheed and Dasti (2003) studied the variation in fiber dimension of twenty-
four species belonging to nineteen families from both monocot and dicots 
species and reported significant differences in fiber length.  Manwiller 
(1974) studied the variation among some species in fiber length and found 
significant differences; the longest fiber was in Sweetgum and black tupelo.  
IAWA Committee (1989) in its list of microscopic features for hardwood 
identification considered fibers to be short if its length is less than 900 µm, 
medium if it ranges between 900 and 1600 µm and long if it is more than 
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1600 µm.  Wagenführ (1984) has more complicated classification where 
fiber is classified to be very short if it is <1000 µm, short if it is between 
1000 and 1500 µm, medium if it is between 1500 and 2000 µm, long if it is 
from 2000 to 3000 µm and very long if it is >3000 µm. 
 
Fiber diameter: 
Tsoumis (1968) stated that fiber diameter varies between species, ranging on 
average between 0.01 mm to 0.05 mm.  Ilvessalo-Pfäffli (1995) reported that 
the average fiber diameter ranges from 10 to 60 µm.  In a study of fiber 
dimensions of ten species, Osman (2001) found significant differences in 
fiber diameter.  The species average values varied from 0.0118 mm in 
Eucalyptus microtheca to 0.0149 mm in Faidherbia albida.  F. albida, 
Acacia seyal, and Albizia amara had the highest values and were not 
significantly different from each other. Anogeissus leiocarpus, Balanites 
aegyptiaca, and Eucalyptus microtheca had the lowest values and were not 
significantly different from each other.  Rasheed and Dasti (2003) also found 
significant differences in fiber width among species where Morus alba, 
Saccharum munja, Bambusa bambos had significantly less fiber width than 
Pinus roxburghii, Phoenix dactylifera and Ficus elastica. Phoenix 
dactylifera and Ficus elastica had greater fiber width. 
 
Fiber lumen diameter:  
Osman (2001) found that fiber lumen diameter varies among species, where 
values ranged from 0.0099 mm in Eucalyptus microtheca to 0.0125 mm in 
Albizia amara.  Albizia amara and Terminalia brownii had the highest 
values and were not significantly different from Faidherbia albida, 
Stereopermum kunthianum, and Acacia seyal.  The latter were not 
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significantly different from Acacia nilotica, which was not significantly 
different from Eucalyptus microtheca, Balanites aegyptiaca, Anogeissus 
leiocarpus and Acacia tortilis, which had the lowest values. 
 
Significant differences in fiber lumen diameter among species were also 
reported by Rasheed and Dasti (2003).  Saccharum munja, Typha 
elephantine Nannorophs ritchieana had significantly less fiber lumen 
diameter than the other species.  Psidium guajava, Albizia lebbeck, Pinus 
roxburghii and Phoenix dactylifera had greater fiber lumen diameter than 
Saccharum munja, Agave americana and Nannorophs ritchieana in 
monocots. In case of dicots, Psidium guajava had greater fiber lumen 
diameter than Mangifera indica and Bauhinia variegate (Rasheed and Dasti 
2003). 
 
Fiber wall thickness:  
Significant differences in double wall thickness were found among species. 
It averaged from 0.0018 mm in Eucalyptus microtheca to 0.0027 mm in 
Faidherbia albida (Osman 2001).  F. albida and Acacia seyal had 
significantly higher values than Acacia tortilis and Stereopermum 
kunthianum (Osman 2001).  However, Rasheed and Dasti (2003) didn’t find 
significant differences in wall thickness among twenty four monocot and 
dicot species.  Studying fiber wall thickness of seven Cuban hardwood 
species in comparison with two species grown in Hungary, Babos (1979) 
found that there is no significant difference among the seven tropical species 
and the two temperate species. 
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Chattaway (1932) classified fiber wall thickness to be very thin if the fiber 
lumina are three or more times wider than the double wall thickness, 
medium if the fiber lumina are less than three times the double wall 
thickness, and very thick if the fiber lumina are almost completely closed.  
Measurement of the actual thickness of fiber walls usually involves an 
amount of work out of all proportion to the limited diagnostic value of the 
figure obtained. Therefore, the classes for fiber wall thickness are based on 
the ratio of lumen to wall thickness (Chattaway 1932). 
 
Slenderness ratio: 
Rasheed and Dasti (2003) didn’t find significant differences in slenderness 
ratio of twenty four plant species.  Caryota urens in monocots had the 
highest value of slenderness ratio and Terminalia arjuna had the highest 
slenderness ratio in dicots.  
 
Runkle ratio: 
Rasheed and Dasti (2003) didn’t find differences in runkle ratio among the 
species. Nannorophs ritchieana had higher Runkle ratio value in monocots 
than Saccharum munja, Bambusa bambos and Saccharum spontaneum.  In 
dicots, Morus alba had greater Runkle ratio than Ficus elastica, Terminalia 
arjuna and Bauhinia variegata.  
 
Coefficient of suppleness: 
Rasheed and Dasti (2003) reported that Caryota urens had significantly 
higher coefficient of suppleness (0.79) among monocots than Agave 
americana, Saccharum munja, Bambusa bambos and Saccharum 
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spontaneum, while Eucalyptus camadulensis had significantly greater 
coefficient of suppleness (0.90) in dicots.  
 
Variation among trees (within species) 
Variation of wood structure among trees of the same species exists due to 
variation in the microenvironments.  Difference occurs in the same site, as 
well as between sites in the same or in different geographical localities and 
altitudes (Tsomis 1968).  Silvicultural measures (e.g. spacing of plantation, 
thinning, pruning, etc) will change this environment (Tsomis 1968, Panshin 
and de Zeeuw 1980).  As a result, adjacent trees may differ in pattern of ring 
width and ring structure.  Rapidly grown trees have a greater average cell 
length than slowly grown trees (Tsomis 1968). 
 
American sycamore (Platanus occidentalis L.) progenies from forty-eight 
half-sib families representing five geographic seed sources were analyzed 
for variation in wood properties and growth rate.  Stem analysis revealed 
that diameter, height, volume, specific gravity, fiber length, and moisture 
content showed significant differences between families (Jourdain and Olson 
1984).  Alachker (2005) found significant differences amog half-sib families 
of Eucalyptus camaldulensis in fiber length, diameter, lumen diameter, 
runkle ratio, slenderness ratio and coefficient of suppleness, while no 
significant difference was observed in double wall thickness. 
 
Variation within a tree 
Within a tree, there is a horizontal variation in wood structure from pith to 
bark and a vertical variation from base to top.  It is very important that 
variations within an individual tree are respected (Tsomis 1969).  In both 
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hardwoods and softwoods cellular variation across the growth ring, as well 
as from pith to bark, is especially evident for cells, which elongate 
postcambially in their development, under this general pattern, there is 
variation within and between growth rings (Tsomis 1968, Panshin and de 
Zeeuw 1980). 
 
Panshin and de Zeeuw (1980) reported that the systematic variation in 
characteristics of wood over a series of growth rings from pith to bark is the 
result of several influences.  The first influence is the change in the cambial 
initials themselves as they continue to function in aging trees, and the second 
influence is the postcambial development of cells derived from the 
cambium. 
 
Fiber length: 
Mean fiber length increased significantly from pith to bark (Bisset and 
Dadswell 1950, Parame1965).  Some investigators found that fiber length of 
eucalyptus increases from pith to bark (Kennedy 1957, Hans et al. 1972).  
Osman (2001) found horizontal variation in fiber length of all studied 
species.  The variation was characterized by an initial increase from the pith, 
followed by regular or irregular increase toward the bark.  One exception 
was found in Stereopermum kunthianum, which showed a decrease from the 
pith outwards. 
 
Fiber length in teak (Tectona grandis), in both septate and non-septate fiber, 
and in two successive growth rings of a stem with ring-porous wood, 
increased from earlywood to latewood.  Fibers in the latter being on average 
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24% longer.  Septate fibers were always shorter than non-septate fibers, and 
their increase in length in the latewood was less (15%) (Parame 1965).  
 
Bosshard (1951) found, in European ash, an increase in fiber length along a 
given radius in the first 30 growth rings and thereafter a decrease.  Bisset 
and Dadswell (1949) studied the variation in fiber length among growth 
rings and they found an increase in fiber length for about the first ten years, 
after which the length remained constant.  
 
In addition to the variation among growth ring there is also variation within 
growth ring as reported Bisset and Dadswell (1949, 1950) and Bisset et al. 
(1950) who found that, in species possessing distinct growth ring, there was 
an increase in fiber length form the first to the last formed wood in a growth 
ring at any one level in the ring.  In species without growth rings, little or no 
variation was found (Jane 1970).  In apline ash (Eucalyptus gigantea), in 
which the wood has distinct growth rings, the latewood fibers of a ring were 
about 60 per cent longer than those of the earlywood. 
 
Panshin and de Zeeuw (1980) reported that in hardwoods, the change in 
length of fibers across the width of the growth ring tends to show a general 
increase from earlywood to latewood, with steeper slopes in the transition 
region for ring-porous wood than for diffuse-porous woods.  The maximum 
fiber lengths in hardwoods commonly occur within the late-wood zone.  
Bosshard (1951) found a corresponding increase of up to 79 percent in 
European ash, which is ring-porous, while other investigator reported that, in 
several woods possessing distinct growth rings, fibers were longer in the 
latewood of a ring (Jane 1970). 
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Fiber length variation across individual growth rings of both juvenile and 
mature wood of seven southern hardwoods (USA) was investigated by 
Taylor (1976).  In most species, fiber length varied more in mature rings 
than in juvenile rings (Taylor 1976).  The fiber length of juvenile wood is 
much shorter than mature wood (Joseph and Reed 1989, Rowell et al. 2000).  
Yousif (2000) found that mature wood had longer fibers than juvenile wood 
in Acacia seyal and A. millefera.  Chui and Mackinnon (1995) reported that 
the fiber length of the juvenile wood of European larch was significantly 
shorter than that of mature wood. Studying the anatomical properties of 
Tectona grandis Bhat (1998) found the same results.  
 
Fiber length in hardwoods was reported increase upward (vertical), in any 
growth rings, to a certain height in the trunk and then decreases (Bisset and 
Dadswell 1949, Jourdanin and Olson 1984). Bisset and Dadswell (1949) 
found that in Eucalyptus regnans, the maximum fiber length increased up to 
a certain height (almost 15 m) in the trunk, after which it showed a gradual 
decrease.  For individual growth rings, Bisset and Dadswell (1949) found 
that maximum fiber length increased from the base of the trunk up to a 
certain height, after which it decreased, though while older growth rings 
showed another increase towards the tip of the tree; a similar second 
increase was not found in the younger rings.  Jourdanin and Olson (1984) 
concluded that fiber length of forty eight families of American sycamore 
first increased and then decreased as a function of height within the stem. 
 
Chow (1946) found that fibers of tension wood of beech had a greater length 
than those of normal wood.  Necesany (1960) also reported that in a number 
of temperate hardwoods, the fiber of tension wood is longer than those of 
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normal wood. Clarke (1937), however, was unable to find longer fibers in 
beech tension wood, nor were Dadswell and Wardrop (1949) able to 
establish such a difference between tension wood and normal wood fibers in 
the Australian timbers which they studied.  However, Dadswell and 
Wardrop (1955) found that the tension woods fibers might be either of the 
same length as those of normal wood, longer, or shorter. 
 
Fiber diameter: 
It has been reported that fibers increase moderately in diameter form the pith 
outward (Wooten et al. 1973, Foulgar et al. 1975).  Decrease in fiber 
diameter with increasing distance from the pith are reported in two species 
of Eucalyptus, and less constant fiber diameter with increasing distance in 
Populus (Panshin and de Zeeuw 1980).  Osman (2001) pointed out that fiber 
diameter started by a decrease near the pith, followed by an increase outward 
to the bark, with exception of Anogeissus leiocarpus and Balanites 
aegyptiaca which showed an increase from the pith to the bark. 
 
A limited number of studies have been made in cell diameter variation along 
the stem length. Foulgar et al. (1975) studied Liriodendron tulipifera and 
found that fiber diameters in hardwoods decrease from base to top of the 
tree.  Also Anoop et al. (2004) studied the variation of fiber width in 
different height of Acacia auriculiformis and found that fiber width showed 
a gradual radial increase and had higher value at the second and fourth 
height. 
 
Rowell et al. (2000) and Yousif (2000) didn’t find significant differences in 
fiber diameter between juvenile and mature wood.  However Yousif (2000) 
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found one exception in fiber diameter of Acacia drepanolobium, which was 
significantly wider in mature wood (0.0159 mm) than juvenile wood (0.0145 
mm) and that the mean fiber diameter of the studied species ranged between 
0.145 to 0.179 mm in juvenile wood and between 0.151 to 0.190 mm in 
mature wood.  Lee (1997) noticed that cell diameters showed trends of 
increase during years 1 to 15 and were constant afterwards. 
 
Fiber lumen diameter:  
In a study of ten species, Osman (2001) found that in all species except 
Anogeissus leiocarpus, fiber lumen diameter showed a decrease near the 
pith, followed by an increase to ward the bark.  In addition, Saucier and 
Hamilton (1967) found that fiber lumen diameter in green ash increased with 
the increase in the number of ring from the pith.  Studying the variation of 
fiber lumen diameter at different heights of Acacia auriculiformis, Anoop et 
al. (2004) found that fiber lumen diameter showed a gradual radial increase 
and had higher value at the second and fourth height.  Other investigators 
reported that the lumen size is larger in juvenile wood compared to mature 
wood (Rowell et al. 2000). 
 
Fiber wall thickness 
Hardwood fibers generally show an increase in wall thickness form the pith 
outward.  This has been demonstrated in Fraxinus pennsylvanica marsh, 
Populus bybrids, and Eucalyptus pilularis (Panshin and de Zeeuw 1980).  
Osman (2001) found that double wall thickness showed a decrease from the 
pith, then an increase outwards to the bark in all species which he studied 
except Anogeissus leiocarpus, Balanites aegyptiaca and Stereopermum 
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kunthianum, which showed an increasing trend from pith to bark.  Similar 
results were been found in green ash by Saucier and Hamilton (1967).  
It has been found that fibers of early wood are thinner than those of 
latewood (Bisset and Dadswell 1950).  Rowell et al. (2000) found that cell 
wall thickness is about 3.9 µm in juvenile wood compared to about 8 um in 
mature wood.  Lee (1997) noticed that the increase in cell-wall thickness 
from juvenile wood to mature wood was two times in Larix leptopis, and 1.1 
times in Chamaecyparis obtuse. 
 
Generally fiber-wall thickness decreases from the base to the top as reported 
by Wooten et al. (1973).  Chow (1946) found that the fibers of the tension 
wood of beech had thicker walls, than those of normal wood. 
 
Shape of Fiber Tips  
Tsoumis (1968), Panshin and de Zeeuw (1980), and Ilvessalo-Pfäffli (1995) 
reported that the fiber end or tips are, mostly pointed, and sometimes forked 
or equipped with dentations.  Ilvessalo-pfäffli (1995) added that the general 
shape of fiber tips in bast fiber were pointed, blunt, rounded, spatulate, 
forked, scimitar -like, scalloped, etc.  
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Description, Distribution and Uses of the Study Species  
The study species belong to 18 families.  General description of tree and 
wood, distribution and uses of the study species are given in the following 
sections grouped by families. 
 
Family: Anacardiaceae 
Sclerocarya birrea (A.Rich) Hochst. (Humed/Homeid): 
Tree 10-15 m in height (El Amin 1990, Vogt 1995) or up to 20 m high and 
65 cm in diameter (Thirakul 1984).  Crown rounded, much-branched, dense 
and with rather heavy foliage.  Bark grey to dark grey or sometimes 
blackish; rough, slightly fissured, flaking off in small elongated scales.  
Leaves imparipinnate; densely clustered at the ends of the twigs.  Fruits are 
globose; 3-4 cm long; yellow (Thirakul 1984, Vogt 1995).  Flowers terminal 
spikes up to 8 cm long; erect dioecious, small red-purple flowers (Thirakul 
1984).  
 
Wood soft; white or dirty white, and has low strength properties (Thirakul 
1984, Vogt 1995). Fiber length 1.033 mm, diameter 0.015 mm double wall 
thickness 0.002 mm and runkel ratio 0.190 (Nasroun and Elzaki 1987).  
Vascular or vasicentric tracheids sporadic to absent.  Fibers very thin-walled 
or of medium wall thickness; exclusively septate and helical thickenings 
absent. Fiber pits simple to minutely bordered (Neumann et al. 2000). 
 
The species is found throughout Sudan, especially in higher rainfall 
woodland savanna (Thirakul 1984, Vogt 1995) and in other areas where 
rainfall is over 600 mm.  Wood is frequently used for constructing drinking 
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troughs, axe handles, furniture, saddles and it has been used locally for 
match manufacture and it is suitable for flooring and veneer (Vogt 1995).  
 
Lannea schimperi  (Hochst. Ex Rich) (Leyun): 
Trees up to 11 (El Amin 1990) or 14 m in height and 40 cm in diameter 
(Thirakul 1984).  Crown largely rounded or umbelliform, much branched 
and rather dense.  Bark pale grey to almost black, rough and fibrous (El 
Amin 1990).  Leaves imparipinnate, crowded at the ends of the twigs 
(Thirakul 1984, El Amin 1990).  Flowers crowded at the ends of the twigs; 
yellow coloured (Thirakul 1984).  Fruits obliquely or irregularly ovoid 
suborbicular; brown; edible.  It is found in Darfur, Red sea Hills, Kordofan 
and Bahr El Ghazal (El Amin 1990). 
 
Family: Blanitaceae  
Balanites aegyptiaca  Del (Heglig): 
Heglig is an armed tree about 8-10 m high (El Amin 1990) and 10 cm and 
rarely over 15 cm in diameter (Vogt 1995).  Crown spreading usually with 
dense drooping branches (Vogt 1995).  Bark grey to dark brown (Thirakul 
1984, El Amin 1990); older trees are recognizable by the dark bark, which 
has deep vertical fissures running the length of the trunk.  Its leaves are 
variable: some are narrow associated with narrow drupes; some trees have 
spines with leaves.  Flowers are yellow-green (Thirakul 1984, El Amin 
1990).  Fruits are egg-shaped (El Amin 1990, Vogt 1995), green turning 
yellow or brown (El Amin 1990).  
 
Wood pale yellow, coarse grained; hard (Thirakul 1984).  Osman (2001) 
found that its mean fiber length 1.175 mm, diameter 0.0123 mm, lumen 
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diameter 0.0105 mm and double wall thickness 0.0019 mm.  Vasicentric 
tracheids commonly present.  Fibers medium to thick-walled, non-septate 
and helical thickening absent; fiber pits distinctly bordered (Neumann et al. 
2000). 
 
B. aegyptiaca is found in Central Sudan, often associated with Acacia seyal 
on short grass Savanna (El Amin 1990).  Its wood is used as local furniture, 
agricultural implements, joinery, and walking sticks.  Good firewood and 
charcoal (Thirakul 1984).   
 
Family:  Bombacaceae 
Adansonia digitata L. (Tebeldi): 
Very large and longest lived tree of savanna up to 30 m high and 3-4 m or 
more in diameter (Thirakul 1984).  El Amin (1990) reported that A. digtata 
is a deciduous tree up to 20 m high.  Crown rounded or umbelliform; much-
branched and with dense and heavy foliage.  Bark whitish grey or purplish 
grey; very smooth, shining and similar in appearance to an elephant hide 
(Thirakul 1984).  Leaves are compound-digitate, alternate.  Flowers are 
white, solitary in leaf-axils, 5-7 cm in diameter; pendulous on long stalks.  
The large fruits are green, woody and felt-covered; they contain a refreshing 
white pulp surrounding the seeds.  Wood whitish, soft and light (El 
Amin1990).  Vascular or vasicentric tracheids sporadic to absent.  Fibers of 
medium wall thickness; exclusively septate; and helical thickenings absent.  
Fiber pits simple to minutely bordered (Neumann et al. 2000). 
 
It is found on sandy soils and by khors in short grass savanna.  It forms belts 
in Central Sudan, in Kordofan, Darfur, Blue Nile, Upper Nile and Bahr El 
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Ghazal (El Amin 1990); Vogt (1995) reported that Tabaldi is widely 
scattered in the semi-arid to arid region to the south of the sahara.  Its bark is 
used for rope making.  Its fruits are flavorful and are reputed to cure a 
variety of medical complaints.  The trunk of the tree is frequently used for 
water storage.  The wood is mainly used for making canoes, floats, trays and 
papers (Thirakul 1984, Vogt 1995).  
 
Ceiba pentandra (L.) Gaerth. (Silk cotton): 
Very large deciduous tree but found in smaller size in savanna woodland of 
the Sudan, 30 m high and 100 cm in diameter (Thirakul 1984); El Amin 
(1990) reported that it is up to 50 m high.  Bark pale grey, fairly smooth, 
horizontal annular rings.  Leaves compound-digitate, alternate, clustered at 
the ends of the twigs. Flowers are pendulous fascicles at the ends of twigs; 
whitish; large hermaphrodite.  Fruits are capsules fusiform; 10-25 cm long; 
containing black seeds embedded in copious white or grayish kapok 
(Thirakul 1984). 
Wood white, very soft and light, brittle when dry (Thirakul 1984, Woodward 
2007).  Fibers are of medium wall thickness.  Average fiber length 1400–
1790–2850 µm.  Fiber pits simple to minutely bordered (Richter and 
Dallwitz 2000).  It is commonly planted in El Gezira, Darfur, Kassala, 
Equatoria (Yambio) (El Amin 1990).  The wood is not suitable for furniture; 
it has been used commercially for pulpwood and plywood (Woodward 
2007).  
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Family: Burseraceae 
 Boswellia papyrifera. (Del) Hochst (Tarak-tarak, Gafal): 
Deciduous tree up to 10 m (Vogt 1995) or 12 m high and 30 cm in diameter 
(Thirakul 1984).  Crown spreading or irregular and open.  Bark pale yellow-
brown, papery, peeling off in wide strips.  Leaves imparipinnate; leaflets 10-
13 pairs; sessile; opposite to sub opposite.  Flowers white-creamy, sweet-
scented, on red pebuncle.  Fruits red capsular (El Amin 1990).  Wood 
yellowish white, fine-grain, hard (Thirakul 1984).  Mean fiber length 0.621 
mm, diameter 0.22 mm, double wall thickness 0.002 mm and runkel ratio 
0.100 (Nasroun and Elzaki 1987).  
 
It is found in high rainfall savanna in Blue Nile, Kordofan, Darfur, Bahr El 
Ghazal, Upper Nile and Equatoria (El Amin 1990).  It is used for local 
carpentry, particularly for items such as mortars, pestles and bed frames; it is 
also suitable for making matchboxes, particleboard, pencils, plywood, 
picture frames and veneer (Vogt 1995).  
 
Family: Ceasalpiniaceae 
Cassia fistula  L. (Tamr al Abeed): 
Medium-sized tree up to 18 m high.  Bark smooth; grey (El Amin 1990, 
Vogt 1995).  Leaves 30 cm long or more; leaflets 4-5 pairs, ovate-oblong or 
elliptic; glossy; about 10x5 cm.  Inflorescence long pendulous racemes, over 
30 cm long; flowers yellow.  Fruits cylindrical pods, blak, hard.  C. fistula is 
commonly planted as a decorative street tree.  The timber is valuable for 
carpentry.  Its bark contains 12-18% tannin and produces a dark gum (El 
Amin1990).  
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Delonix regia (Hook) Raf. (Gold mohor): 
Trees up to 15 m (Vogt 1995) or 16 m (El Amin1990).  Thirakul (1984) 
described D. regia as large handsome tree up to 25 m high and 80 cm in 
diameter.  Bark smooth, grey (El Amin 1990, Vogt 1995).  Leaves pinnate, 
10-20 pairs; leaflets 20-40 pairs (El Amin 1990, Vogt 1995); oblong; about 2 
cm long (El Amin 1990).  Fruits are brown (El Amin 1990, Vogt 1995), 
woody pods up to 75 cm in length.  In Sudan, it is found mainly as an 
amenity tree in gardens and avenues (Vogt 1995).  The wood can be used as 
fuel(http://www.gardenorganic.org.uk/pdfs/international_programme/TTS18
-Delonix_regia.pdf).  
 
Tamarindus indica L. (Aradeib): 
T. indica grows in the Southern parts of Sudan (El Amin 1990). Evergreen 
trees up to 30 m high (Thirakul 1984, Vogt 1995) and 120 cm in diameter in 
favorable ecological condition (Thirakul 1984).  Crown rounded, dense 
compact.  Bark pale grey, rough, finely fissured, cracking off longitudinally 
in small thin rectangular patches (Thirakul 1984).  Leaves imparipinnate; 
alternate.  Inflorescence racemes up to 22 cm long, flower buds red; sepals 
4, 8-12 mm long, pale yellow inside, reddish outside.  Fruits curved or 
straight, sausage-like pods, obtuse above and bellow (El Amin 1990). 
 
Sapwood pale yellow; heartwood purple-brown, very hard, heavy, tough, 
fine-grain (Thirakul 1984).  Vascular or vasicentric tracheids sporadic to 
absent.  Fibers of medium wall thickness; non-septate and helical 
thickenings absent.  Fiber pits mainly restricted to radial walls, simple to 
minutely bordered.  Gelatinous layers often present, in places fibers with a 
distinct pattern due to regular intrusive growth (Neumann et al. 2000).  It is 
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used as poles and rafters, for local building furniture and turnery work 
(Thirakul 1984).  
 
Family: Combertaceae 
Anogeissus leiocarpus  Guill. & Perr. (Sahab): 
A medium sized to large tree up to 20 m high (Thirakul 1984, El Amin 
1990) and 80 cm in diameter (Thirakul 1984).  Bark greyish white, 
becoming very dark grey in old trees.  Leaves simple, alternate.  Flowers 
globose heads; small; compact; greenish yellow.  Fruits globose, cone-like, 
broadly winged and dark grey  (Thirakul 1984, El Amin 1990). 
 
Sapwood greyish white; heartwood dark brown, very hard (Thirakul 1984).  
Mean fiber length 1.007 mm, diameter 0.0124 mm, lumen diameter 0.0105 
mm and double wall thickness 0.0019 mm (Osman 2001).  Vascular or 
vasicentric tracheids sporadic to absent.  Fibers very thick-walled, non-
septate; and helical thickenings absent.  Fiber pits simple to minutely 
bordered (Neumann et al. 2000). 
 
A. leiocarpus is found in Kassala, Kordofan, Darfur, Blue Nile, Upper Nile, 
Bahr El Ghjazal and Equatoria (El Amin 1990).  The wood is used mainly in 
the round for transmission and building poles, fence posts and forked poles, 
and as beams in local building construction.  It is also used for firewood and 
charcoal.  The leaves and bark contain a tanning material and are recognized 
by the Sudan tanning industry (Sahni 1968). 
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Combretum hartmannianum  Schweinb.,C. (Habil): 
It is medium sized tree up to 10 m high (El Amin 1990).  Thirakul (1984) 
reported that its height is up to 22 m and its diameter is 70 cm.  Bark grey 
with small irregular scales.  It has opposite or subopposite leaves and small 
flowers. C. hartmannianum is found in the tall grass savanna zone on clay 
and loamy soils, existing as solitary trees in Central Sudan, Southern 
Kordofan, Darfur, Red Sea Hills, Southern Kassala, Bahr El Ghazal, Upper 
Nile and Equatoria (El Amin 1990).  It is used mainly for firewood and 
charcoal.  It is used locally for fence poste and the frame work of thatched 
houses.  Root and bark are used to dye fabric yellow (Sahni 1968).  
  
Terminalia brownii  Fresen. (Darot): 
Tree 7-25 m high (El Amin 1990); Thirakul (1984) reported that its height is 
up to 23 m and its diameter is 70 cm.  Young bark smooth, whitish; old bark 
grayish longitudinally fissured.  Leaves spirally arranged, tufted at end of 
branches; broadly obovate-elliptic.  Flowers small white-cream with strong 
unpleasant smelling.  Fruit broadly elliptic to ovate (El Amin 1990).  Wood 
yellow-brown, hard and heavy (Thirakul 1984).  Osman (2001) reported that 
the mean fiber length of T. brownii is 1.083 mm, diameter 0.0143 mm, 
lumen diameter 0.0124 mm and double wall thickness 0.0020 mm. 
 
T. brownii is found in high rainfall savanna on loamy soil in Southern 
Darfur, Kordofan, Blue Nile, Kassala (El Amin 1990).  Its wood provides an 
excellent building material and is used in local construction, beams and 
rafters, firewood and charcoal (Vogt 1995).  
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Family: Ebenaceae  
Diospyros mespiliformis  Hochst. Ex Dr. (Gughan, African Ebony): 
Tree 10-50 m (El Amin 1990) or 25 m high and 60 cm in diameter (Thirakul 
1984).  Bark fairly smooth, grey-black or black with small irregular scales. It 
has simple, alternate, oblong or elliptic leaves, small white sweet scented 
flowers.  Mature fruits are rounded yellow (El Amin 1990).  Sapwood pale 
pinkish brown, heartwood dark brown or blackish, very hard, heavy (Vogt 
1995).  Vascular or vasicentric tracheids sporadic to absent.  Fibers of 
medium wall thickness; or very thick-walled, non-septate, and helical 
thickening absent.  Fiber pits simple to minutely bordered (Neumann et al. 
2000). 
 
This species is found usually along streams and rivers in high rainfall 
savanna in the Red sea Hills, Blue Nile, Kassala, Kordofan, Darfur, Bahr El 
Ghazal and Equatoria (El Amin 1990).  The wood is used as high quality 
furniture, body parts for vehicles, flooring blocks, rifle butts, and turnery 
(Vogt 1995). 
 
Family: Euphrbiaceae 
Euphorbia tirucalli  L. (Engil): 
A succulent bush/tree reaching about 10 m in height.  When the plant is 
wounded it exudes a white, slightly irritating sap.  It is easily recognizable 
by its characteristic usually leafless, cylindrical, green, smooth branches. 
Small leaves are present only on very young stems .The yellow to creamy 
white coloured flowers occur at the end of the small branches in compact 
clusters.  The fruits are less than 1cm across and consist of 3-lobedcapsules.  
This species is commonly planted as a garden hedge since it has the 
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advantage of not being browsed.  It has also been used for low-level 
windbreaks.  It can be used in general carpentry (Vogt 1995).  
 
Family: Meliacease 
Khaya senegalensis  A. Juss. (Mahogany): 
Tree up to 30 m high.  It is recognized by its clean trunk and large rounded 
Crown.  Bark dark grey with small thin scales.  Leaves pale green, 
paripinnate clustered at the ends of the twigs.  Flowers are in axillary 
panicles up to 20 cm long, greenish white flowers.  The fruits are distinctive, 
consisting of round capsules 5-10 cm in diameter, woody in texture; 
capsules break open into 4 segments. 
 
Wood reddish brown, heavy (Vogt 1995).  Average fiber length of Khaya 
species can range from 960 to 2000 µm but mainly from 1380 to 1620 µm 
(Richter and Dallwitz 2000).  Vascular or vasicentric tracheids sporadic to 
absent (Neumann et al. 2000).  Fibers of medium wall thickness, septate and 
non-septate.  Fiber pits simple to minutely bordered (Neumann et al. 2000, 
Richter and Dallwitz 2000).  Helical thickening absent (Neumann et al. 
2000).  It is distributed in high rainfall savanna in Darfur, Bahr El Ghazal, 
Equatoria and grown in many parts along rivers (El Amin 1990).  It is used 
in furniture, plywood, veneers and building construction (Vogt 1995).  
 
Azadirachta indica  (Desr.) A. Juss. (Neem): 
Tree up to 30 m high.  Bark brown, rough, with wide, shallow longitudinal 
fissures, cracking off into flat ridges.  Leaves imparipinnate, clustered at the 
ends of the twigs.  Flowers in axillary panicles (El Amin 1990).  Wood  red, 
hard, moderately heavy, durable, attractive (Thirakul 1984).  Vascular or 
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vasicentric tracheids sporadic to absent.  Fibers of medium wall thickness; or 
very thick-walled, Fibers septate and non-septate, Septate fibers evenly 
distributed, Septate fibers scattered, and helical thickenings absent.  Fiber 
pits simple to minutely bordered (Neumann et al. 2000).  It is used for many 
purposes; green twigs commonly used for cleaning the teeth.  The acid bitter 
oil from the seeds is used as an anthelmintic and antiseptic (Thirakul 1984). 
 
Family: Myrtaceae  
Eucalyptus camaldulensis  Dehn. (Ban): 
Tall tree up to 30 m high.  Bark smooth, deciduous, usually white or ash-
coloured.  Leaves simple alternate.  Fruits hemispherical to broadly turbinate 
(El Amin 1990).  The seed capsules 0.5-1.0 cm in size, opening up into four 
valves when mature. Wood hard and durable, resistant to termites (Thirakul 
1984, Vogt 1995). Fiber length 0.812 mm, diameter 0.010 mm, double wall 
thickness 0.005 mm and runkel ratio 1.000 (Nasroun and Elzaki 1987).   It is 
native of Australia grown in forest plantations in Darfur, Blue Nile and as 
shelterbelts in Khartoum Green Belt (El Amin 1990).  It is used in 
construction, sleepers or for structural purposes (Thirakul 1984, Vogt 1995). 
 
Family: Mimocaceae 
Acacia nilotica L. Willd (Sunt): 
Sunt is an extremely variable species.  Usually up to 15 m high.  Bark dark 
grey, brown or black, rough and fissured; stipules spine scent, straight, 
white, 1-8 cm, pubescent.  Leaves 1-3 pinnate, 2-7 cm long; pinnae 4-9 
pairs, leaflets 7-30 pairs, flowers capitates yellow.  Fruits pods, flat, straight 
or falcate (El Amin1990).  Wood hard, reddish in color (Van Wyk et al. 
2000).  Vascular or vasicentric tracheids sporadic to absent.  The mean fiber 
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length is 1.151 mm, diameter 0.0131 mm, lumen diameter 0.0111 mm and 
double wall thickness 0.0021 mm (Osman 2001), or fiber length 1.137 mm, 
diameter 0.017 mm in mature wood as concluded by Yousif (2000).  Fibers 
of medium wall thickness, or very thick-walled, and helical thickenings 
absent (Neumann et al. 2000). Fibers non-septate (Neumann et al. 2000, 
Yousif 2000).  Fiber pits simple to minutely bordered. (Neumann et al. 
2000).   
 
It distributes in White Nile from Jebelein northwards and Western Sudan (El 
Amin1990).  It is used as firewood and for fencing posts.  The bark exudes 
an edible gum and is used medicinally according to Van Wyk et al. (2000). 
 
A. gerrardii  Benth. (Salgam):  
Trees 5-15 m. Bark black, deeply fissured, newly exposed bark rusty brown.  
Leaves 5-10 cm long; pinnate 4-15 pairs.  Inflorescent capitates, creamy 
white on peduncles 1.5-3.5 cm long.  Fruits pods, falcate or sickle-shaped, 5-
15 mm long by 0.4-1 mm broad, flat, constricted, pointed at both ends (El 
Amin1990).  Sapwood yellow white, strong smelling; heartwood yellowish 
cream, hard, coarse (Thirakul 1984).  Vascular or vasicentric tracheids 
sporadic to absent.  Fibers of medium wall thickness; or very thick-walled, 
non-septate, and helical thickenings absent.  Fiber pits simple to minutely 
bordered (Neumann et al. 2000).  It wide spread in Central and Southern 
Sudan (Thirakul 1984).  
 
A. senegal  (L.) Willd. (Hashab):  
Shrubs or small trees 2-12 m high.  Bark yellow to light brown or grey, 
scaly, rough.  Leaves 1-6 cm long, pinnae 2-6 pairs.  Flowers white or 
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cream.  Fruits pods flat straight oblong membranous dehiscent (El Amin 
1990).  Wood white hard (Thirakul 1984).  Vascular or vasicentric tracheids 
sporadic to absent (Neumann et al. 2000).  Mean fiber length is 1.003 mm, 
diameter 0.014 mm for its mature wood (Yousif 2000).  Fibers of medium 
wall thickness; or very thick-walled, and helical thickenings absent 
(Neumann et al. 2000), non-septate (Neumann et al. 2000, Yousif 2000). 
Fiber pits simple to minutely bordered (Neumann et al. 2000). 
 
It is found on sandy and clay plains in short grass savanna forming a 
continuous belt from east to west in Central Sudan, more common on the 
Western sand plains of Kordofan and Darfur as pure stands associated with 
Acacia mellifera (El Amin 1990).  It is used for fence posts or local building 
purpose.  In addition, is famous by its high production of the Gum (Thirakul 
1984). 
 
A. seyal .var. seyal Del. (Talh): 
Talh is a tree 3-17 m high.  Its bark is powdery, smooth or sparsely flaking, 
whitish, greenish yellow or orange red.  Leaves 1-12 cm long, pinnae 3-9 
pairs; alternate.  Flowers axillary globular heads, pedunculate, yellow 
flowers.  Fruits are falcate, dehiscent pods (El Amin 1990).  Wood white-
cream hard (Thirakul 1984).  Vascular or vasicentric tracheids sporadic to 
absent (Neumann et al. 2000).  Mean fiber length is 1.070 mm, diameter 
0.0147 mm, lumen diameter 0.0122 mm and double wall thickness 0.0026 
mm (Osman 2001); or fiber length in mature wood is 1.090 mm, diameter 
0.018 mm  (Yousif.2000).  Fibers of medium wall thickness; or very thick-
walled, and helical thickenings absent (Neumann et al.2000), non-septate 
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(Neumann et al. 2000, Yousif 2000).  Fiber pits simple to minutely 
bordered, mainly restricted to radial walls (Neumann et al. 2000).  
 
 It is found on dark cracking clays on higher slopes of rivers and valleys on 
the hard clay plains of Central Sudan and on clay of seasonally wet 
depressions (El Amin 1990).  It products a good fuelwood and charcoal. The 
timber is used in construction but is susceptible to insect at tack (Vogt 
1995).  
 
A. sieberiana  DC. (Kuk): 
Tree 5-20 m high.  Bark smooth, yellow, rough grey-fissured stipules spines 
cent.  Leaves are 3-14 cm long; pinnate 6-11 pairs.  Inflorescence capitates, 
white to cream flowered on pubescent peduncles1-4 cm long.  Fruits pods 
oblong (El Amin 1990).  Sapwood yellow white, heartwood dull yellow, 
rather hard not durable.  It is found in Northern, Central and Southern 
Sudan. Wood used for firewood and charcoal.  Although not naturally 
durable, it would be suitable for sleepers if treated with a preservative 
(Thirakul 1984).  
 
Albizia amara (Roxb.), (Arrad): 
It is shrub or small tree up to 8 m high.  Bark grey, fissured.  Leaves pinnate, 
clusterd at the ends of the twigs.  Flowers heads, dense and white. Fruits 
oblong pods pale brown (El Amin 1990).  Its Sapwood yellowish; heartwood 
dark brown or blackish (Thirakul 1984). Mean fiber length 1.116 mm, 
diameter 0.0145 mm, lumen diameter 0.0125 mm and double wall thickness 
0.0019 mm (Osman 2001). It is found in tall grass savanna in Southern 
Kordofan, Southern Darfur, Kassala, Blue Nile, Upper Nile, Bahr El Ghazal 
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and Equatoria (El Amin 1990).  It is used in local building; carts and 
agricultural implements; also for firewood and charcoal.  Tannin obtained 
from bark (Thirakul 1984). 
 
Family: Moraceae 
Ficus sycomorus  L. (Gameiz): 
Large tree up to 30 m high.  Bole short and buttressed at the base.  Bark 
yellow greenish, powdery flaking in minute papery scales.  Leaves simple, 
ovate orbicular alternate.  Receptacles solitary and axillary or in axils of 
fallen leaves or on large branched leafless panicles on main branches or 
sometimes both axillary and paniculate; ostioles prominent with numerous 
exserted suberect bracts.  Fruits figs subglobose about 3-5 cm in diameter, 
tomentose, with stout pubescent stalks, arranged singly in leaf-axils (El 
Amin 1990).  Vascular or vasicentric tracheids sporadic to absent.  Fibers of 
medium wall thickness, septate and non-septate, septate fibers evenly 
distributed, and helical thickenings absent.  Fiber pits simple to minutely 
bordered (Neumann et al. 2000). It is found on river and stream banks and 
on alluvial soils in valleys all over the Sudan, especially along the Nile and 
its tributaries (El Amin 1990).  
 
Family: Papilionaceae 
Dalbergia melanoxylon  Guill. & Perr. (Babanus, African Ebony): 
Shrub or small tree rarely over 10 m high.  Distinct by its shape it has multi-
stemmed, multi branched, it also distinct by its spines.  Leaves slightly 
swollen at the base.  Flowers white and sweetly scented, hanging down in 
lax panicles.  The papery seedpods are distinctive, being pointed at the both 
ends (Vogt 1995).  Sapwood white; heartwood brown-black, very hard, 
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heavy, fine grain (Thirakul 1984).  Fibers thick-walled.  Fiber pits simple to 
minutelly bordered (Neumann et al. 2000, Richter and Dallwitz 2000).  
Vascular or vasicentric tracheids sporadic to absent.  Fibers non-septate, and 
helical thickenings absent. (Neumann et al. 2000).  It is used as a good 
timber for caving, ornamental turnery, chessmen, and walking sticks 
(Thirakul 1984). 
 
Dalbergia sisso  Roxb. Ex DC. (Sisso): 
It is a large tree up to 30 m in height (El Amin 1990, Vogt 1995).  However, 
in Sudan it dose not often grow higher than 15 m (Vogt 1995).  leaves 
pinnate, alternate, 5-8 cm long.  Inflorescence axillary panicles 2.5-4 cm 
long.  Flowers pale white (El Amin 1990).  Wood hard, close-grained, 
heartwood durable (Vogt 1995).  D. sisso is native of India planted on banks 
and streams on sanday soil in Central Sudan (El Amin 1990). It is used in 
charcoal, fuel wood, and timber.  In Sudan, it mainly grown for shade and as 
ornamental.  Heartwood is valued for furniture, structural work, tannin 
rackest, hockey sticks and minute parts of musical (Vogt 1995). 
 
Family: Rhamnaceae 
Ziziphus spina-christi  (L.) Desf. (Sider,Nabak): 
Tree up to 10 m high.  Bark grey, fissured.  Branchlets pale white, globrous, 
later becoming brown; spines paired, light brown, one of each pair straight 
and directed forward and up to 8 mm long, and the other shorter and slightly 
recurved.  Leaves narrowly ovate to elliptic.  Flowers very small greenish 
yellow.  Fruits globose drupes, about 1 cm thick, red brown, fleshy, edible 
(El Amin 1990).  wood hard, heavy (Vogt 1995). Vascular or vasicentric 
tracheids sporadic to absent.  Fibers of medium wall thickness; or very thick-
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walled, non-septate, and helical thickenings absent.  Fibers arranged in 
regular radial rows.  Fiber pits simple to minutely bordered (Neumann et al. 
2000). 
 
It is common by river banks and streams, valleys and water depressions on 
light silty soils in the short grass savanna of Northern and Central Sudan 
along the Nile and tributaries (El Amin 1990).  Wood dense and therefore 
makes good fuelwood and charcoal.  It is used for to make furniture, tool 
handles, in general carpentry and turnery.  Its application in carpentry is 
limited by its size (Vogt 1995). 
 
Family: Simaroubaceae   
Ailanthus excelsa  Roxb. (Ailanthus): 
Tree 20 m high.  Bark white-grey, smooth with large conspicuous leaf scars, 
granular and greyish brown in old trees.  Leaves imparipinnate, crowded at 
the ends of the twigs.  inflorescencen panicles, flowers yellow samars.  
Fruits 1-seeded, light brown or yellow samaras (El Amin 1990).  Wood 
yellowish, soft (Thirakul 1984).  It planted in many semi-arid moist regions 
of Central Sudan (El Amin 1990).  It is used for fuel wood in India; it is of 
poor quality as the wood is very soft.  The timber also is not high quality, 
but is easily worked and therefore made into drum, cigar boxes, packing 
cases, toys, fishing floats, knives and tool handles (Thirakul 1984). 
 
Family: Sterculiacae 
Sterculia setigera  Del. (Tartar): 
Tree up to 15 m high.  Bark grey-purple, flaking in oblong scales, which 
leave pale grey or greenish-yellow patches on falling.  Leaves suborbicular 
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or ovate.  Fruits grey green or brown, usually 4 together, sessile, oblong, 
beaked (El Amin 1990).  Wood white, very soft (Vogt 1995).  Vascular or 
vasicentric tracheids sporadic to absent.  Fibers of medium wall thickness; or 
very thick-walled, non-septate, and helical thickenings absent. Fiber pits 
simple to minutely bordered (Neumann et al. 2000).  It is found on hilly 
ground in tall grass or high rainfall savanna of the Blue Nile, Kassala, 
Darfur, Kordofan, Red Sea Hills and common in the Southern region (El 
Amin 1990).  Its wood is suitable for plywood cases, concealed items in 
carpentry, insulation purposes (Vogt 1995).  
 
Family: Tamariaceae 
Tamarix aphylla (L.) Karst. (Tarfa): 
Tree up to 15 m high.  Bark reddish brown to grey, longitudinally fissured.  
Leaves reduced to minute triangular teeth on a sheathing base.  Flowers 
racemose (El Amin 1990).  Wood hard and durable and burns reasonably 
well (Vogt 1995).  Vascular or vasicentric tracheids sporadic to absent.  
Fibers of medium wall thickness, non-septate, and helical thickenings absent 
Fiber pits simple to minutely bordered (Neumann et al. 2000). 
 
It is found on the bank of the Blue Nile, White Nile, stream and water 
courses (El Amin 1990).  The wood can be made into charcoal and is used in 
carpentry, furniture, turnery, and also to make poles (Vogt 1995).  
 
Family: Verbenaceae   
Tectona grandis  L. (Teak): 
Large tree up to 40 m high and 150 cm in diameter in its proper site.  Crown 
rounded, light and open foliage.  Bark grayish to yellowish light grey, rough, 
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shallowly longitudinally fissured.  Leaves simple, opposite-decussate, 
distantly spaced on the twigs.  Large pyramidal panicles, very showy, small 
white flowers erected at the ends of twigs.  Fruits drupes globose, about 1-2 
cm in diameter, surrounded at the base by a persisten calyx with a very hard 
shell covered with stellate hair. Sapwood yellowish white, heartwood 
golden- yellow, darkening with age, moderately hard and moderately heavy, 
oil and strongly scented, very durable (thirakul 1984).  Vascular or 
vasicentric tracheids commonly present (only in latewood). Average fiber 
length 700–1400 µm.  Fibers of medium wall thickness, exclusively septate, 
or septate and non-septate, Septate fibers evenly distributed.  Fiber pits 
simple to minutely bordered.  (Richter and Dallwitz 2000). 
 
Gmelina arborea Roxb. (Gmelina): 
G.arborea is a much-branched tree up to 20 m high.  Bark light grey, 
smooth.  Leaves opposite, ovate-cordate.  Infloescence tomentose panicles; 
petals with obliquely lobbed limb, yellow, 2-4 cm long, densely hairy 
outside. Fruit ellipsoid, about 3 cm long, green (El Amin 1990).  Fiber 
length 1.0 mm, width 28-38 µm (Ilvessalo-Pfäffli 1995), or fiber length 700–
1500 µm (Richter and Dallwitz 2000).  Vascular or vasicentric tracheids 
sporadic to absent.  Fibers very thin-walled, or of medium wall thickness, 
fiber pits simple to minutely bordered (Richter and Dallwitz 2000), 
exclusively septate (Ilvessalo-Pfäffli 1995, Richter and Dallwitz 2000), 
septate fibers evenly distributed (Richter and Dallwitz 2000).  G. arborea is 
native of tropical Asia, planted as a forest tree in Equatoria and in Kordofan 
(El Amin 1990). 
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CHAPTER THREE 
 
MATERIAL AND METHOD  
 
Materials 
Wood material was collected from thirty-two hardwood tree species 
belonging to eighteen families. The species were growing in low-rainfall 
savanna, in five forests namely, Al-Dalang, Al Debaibat, Al Tokma, Al-Faid 
Um Abdalla (which are located in Southern Kordofan State) and Al-
Lambowa Forest (which is located in Sennar State).    
 
Al-Dalang forest is a reserved forest covers an area of 60.4 ha.  The main 
planted species are Mahogany, Neem and Kafur; others species, such as 
Engil, Ailanthus, Tamur Al-Abeed and Arrad are growing naturally in this 
forest.  Al Debaibat forest is a reserved forest, the planted species is Hashab, 
and it coves about 9816 feddan.  Al Tokma forest is a natural forest; its area 
is 15000 feddan dominted by Kitir, Hashab, Taleh, Kadad, Heglig, Salgam 
and Sahab.  
  
Al-Faid Um Abdalla Forest is in the Southern Kordofan State.  The amount 
of rainfall measured in 2004 ranged between 400 to 779 mm.  The forest 
covers an area of 6200 feddan and is divided into natural and plantation 
plots.  The natural plot covers an area of 5773.13 feddan and is dominated 
by: Sahab, Humeid, Habil, Babanus, Aradeib, Arrad, Darot, Tabaldi, Leyun, 
Sidder, and Gafal.  There are some areas with higher elevation in the forest 
dominated by Tartar, and Taraktark.  The plantation plot covers an area of 
426.87 feddan, and is dominated by Mahogany, Neem, Ban, Ailanthus, Sisso 
and Teak.  
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Al-Lambowa Forest is located in the western riverbank of the Blue Nile 
River in Sennar State at the north side of As Sabonaby village.  It covers an 
area of 804.2 feddan.  The temperature ranges from 20 to 40° C and tends to 
decrease during the winter season (20-25° C).  The main planted species of 
this forest are Sunt and Ban with Natural vegetation in the area include 
Gumeiz, Tarfa, Heglig, Neem, Taleh, Haraz, Sidder, Kuk and  Habil. 
 
The names of families and tree species selected for this study are shown in 
Table 1 as follows: 
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Table 1. List of families, scientific names and local names of 
 the study species 
Species   
Family Scientific Name Local Name 
Lannea schimperi Leyun 
Anacardiaceae Sclerocarya birrea Humeid 
Blanitaceae Balanites aegyptiaca Heglig  
Adansonia digitata  Tabaldi   
Bombacaceae Ceiba pentandra Silk-cotton  
Burseraceae Boswellia papyrifera Tarak tarak 
Cassi fistula Fistula (Tamur al Abeed) 
Delonix regia  Gold mohur 
 
Caesalpiniaceae 
Tamarindus indica Aradeib 
Anogeissus leiocarpus Sahab  
Combretum hartmannianum Habil  
 
Combertaceae 
Terminalia brownii Darot  
Ebenaceae Diospyros mespiliformis Gughan 
Euphorbiaceae Euphorbia tirucalli Engil 
Azadirachta indica  Neem  
Meliaceae Khaya senegalensis Mahogany 
Acacia gerrardii Salgam
A.senegal Hashab 
A.seyal Taleh 
A.sieberana Kuk 
A. nilotica Sunt 
 
 
Mimosaceae 
Albizia amara Arrad 
Moraceae Ficus sycomorus Gumeiz 
Myrtaceae Eucalyptus camaldulensis Ban (Kafur) 
Dalbergia melanoxylon Babanu   
Papilionaceae D. sisso  Sisso 
Rhmnaceae Ziziphus spina-christi Sidder 
Simaroubaceae Ailanthus excelsa Ailanthus 
Sterculiaceae Sterculia setigera  Tartar 
Tamariaceae Tamarix aphylla Tarfa 
Gmelina arborea  Gmelina(White teak)  
Verbenaceae Tectona grandis Teak  
  
 44
Samples of Ban, Sunt, Taleh, Tarfa, Gumeiz and Sidder were collected from 
Lambowa Forest.  Samples of, Neem, Heglig, Gughan, Mahogany, 
Ailanthus, Engil, and Tamur al Abeed were collected from Al-Dalang 
Forest, while Samples of Hashab, Salgam were collected from Al Debaibat 
and Al Tokma forests, respectively.  Samples of the remaining species were 
collected from Al-Faid Um Abdala Forest.  
 
Three healthy mature trees were randomly taken from each species.  From 
each tree, two representative samples were obtained from the outer wood of 
the stem at breast height from opposite sides of the tree using an increment 
borer and a traditional tool "Gadom".  
 
Methods 
Maceration  
The maceration procedure developed by Shultze as cited in Jane (1970) was 
used to macerate the woody materials into individual cells using a strong 
agent that breaks down the less resistant middle lamellae so that the 
elements fall apart and could be studied individually as solid structures.     
From each sample, two pieces were removed, placed in a test-tube, to which 
60% nitric acid was added and then warmed up in a water bath.  Depending 
upon the wood species and size of the pieces, the time of warming 
(maceration) was 10-15 minutes for all wood species except for Ceiba 
pentandra (Silk-cotton) and Adansonia digitatta (Tabaldi), which took about 
5 minutes. When the pieces became loosened and white in color, the 
warming was stopped.  Distilled water was added to each test tube to stop 
the action of nitric acid. 
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The macerated material was washed several times with distilled water to 
remove traces of nitric acid and then left for about 10 minutes in distilled 
water.  When the loosened sections settled down, excess water was gently 
drained away, the macerated materials were placed in Petri dishes, washed in 
25 and then 50% alcohol (ethanol), stained by few drops of safranin dye for 
ten minutes and then rewashed using a series of alcohol concentrations 
(50%, 70%, and 95%).  The prepared macerated materials were placed in 
slides and one drop of DPX was added to each slide.  Each slide was then 
covered gently with a cover slip measuring 2.2x2.2 cm.  The prepared slides 
were left to dry gradually for a day. 
 
Microscopic examination 
Both qualitative and quantitative examinations were carried out. The 
qualitative examination included observations of the presence of septate 
fibers and the shapes of fiber tips.  The quantitative examination 
measurements included fiber length, fiber diameter, and fiber lumen 
diameter.  All of these characteristics were measured using a light 
microscope (model: Hund WETZLAR) with an 10x ocular lens provided 
with a measuring scale graduated into ten equal segments and each segment 
is graduated into ten sub-segments (Figure 1).  Fiber length was measured 
under an 10x objective lens, while fiber diameter and fiber lumen diameter 
were measured under an 40x objective lens.  Presence of septate fibers and 
shapes of fiber tips were observed under an 10x ocular lens an 40x objective 
lens. 
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For each character examined, twenty fibers were randomly measured from 
each sample giving a total of 120 measurements per species (20 fibers per 
sample x 2 samples per tree x 3 trees per species). 
 
The measured values were transformed into real values by calibrating the 
measuring-scale using a calibration scale (one millimeter) having ten 
segments and each segment is graduated into ten sub-segments (Figure 2). 
 
In case of magnification ocular lens 10x and objective 10x, the conversion 
factor was 11.1.  It was calculated as follows: 
 
100 units of scale            1110 µm of the caliber 
So:   
1 unit             X 
X=11.1 µm 
Fiber 
Figure 1. Measuring scale in the ocular lens used 
for measuring fiber dimensions 
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In case of magnification ocular lens 10x and the objective lens 40x, the 
conversion factor was 2.775 calculated as follows:  
 
100 units of scale                  277.5 µm of the caliber 
So:   
1 unit              X 
X = 2.775 µm 
                                  
 
Figure 2. Calibration slide (1 mm) showing calibration scale 
 
The obtained values of the measurements were utilized for calculation of 
double wall thickness (Equation 1), slenderness ratio (Equation 2), runkle 
ratio (Equation 3) and coefficient of suppleness (Equation 4).  
 
DWT= FD-FLD                                                                  (Eq. 1) 
Where: 
DWT= double wall thickness (µm) 
FD= fiber diameter (µm) 
FLD= fiber lumen diameter (µm) 
1 mm 
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SR= FL/FD                                                                         (Eq. 2)                               
Where: 
FL= fiber length (µm) 
FD= fiber diameter (µm) 
 
RR= DWT/FLD                                                                  (Eq. 3) 
Where:  
DWT= double wall thickness (µm) 
FLD= fiber lumen diameter (µm) 
 
CS= FLD/FD                                                                      (Eq. 4) 
Where: 
CS= coefficient of suppleness 
FLD= fiber lumen diameter (µm) 
FD= fiber diameter (µm) 
 
Statistical Analysis  
SAS procedures were used to study the variation in wood fiber 
characteristics.  The analysis of variance and Duncan’s Multiple Range Test 
were conducted to study the significance of variation among species and to 
separate means using SAS GLM procedure.  Variance component analysis 
was used to estimate variance components at the nested levels (species, trees 
and samples) using SAS VARCOMP Procedure.   
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CHAPTER FOUR 
 
RESULTS AND DISCUSSION 
 
 
Fiber Length 
Analysis of variance showed significant variation (P=0.0001) in fiber length 
among species and between samples within trees (P=0.001), while variation 
among trees within species was not significant.  About 85.64% of the total 
variance was associated with variation among species and 1.69% with 
samples within trees (Table 2).  In agreement with the species significance 
were those reported by Manwiller (1974), Youssif (2000), Osman (2001) 
and Rasheed and Dasti (2003).  However, the results of this study were in 
dissagrement with Babos (1979) who didn’t report significant variation 
among species, and with those of Alachker (2005) and Jourdian and Olson 
(1984) in which significant variation among trees within species had been 
observed.  
 
Table 2. Analysis of variance and variance components for fiber length of 
the studied species 
 
  
Variance 
Source 
Mean 
square 
F-value Pro1 
 
Var. com2 Var. com
% 
Species 19042767 104.5 ≤0.0001 342498 85.64 
Trees 182218 1.3 >0.05 2050 0.513 
Samples 136587 2.8 ≤0.001 6749 1.69 
Error 48630   48630 12.16 
 
           1Pro= probability;    2Var.com= Variance component 
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Based on Duncan's Multiple Range Tests (Table 3), Adansonia digitata had 
significantly the highest values of fiber length with a mean of 2840 µm, 
followed by Ceiba pentandra (2413 µm) and then by Sterculia setiger (1948 
µm).  These three species were significantly different from each other and 
from the other species.  A significantly lower mean value of fiber length 
(561 µm) was associated with Dalbergia melanoxylon compared to the other 
species.  
 
The mean fiber length values of Eucalyptus camaldulensis and Sclerocarya 
birrea are lower than those reported by Nasroun and Elzaki (1987), while 
that of Boswellia papyrifera are higher.  Also, the mean fiber length values 
of Acacia nilotica, Albizia amara and Balanites aegyptiaca are lower than 
those reported by Osman (2001).  The obtained mean fiber length of Acacia 
seyal var. seyal, Anogeissus leiocarpus and Terminalia brownii were 
approximately equal to the values given by Osman (2001).   The mean fiber 
length of Gmelina arborea is greater than that reported by Ilvessalo-Pfäffli 
(1995). 
 
There were significant differerces in fiber length among the tree species of 
families Bombacaceae, Papilionaceae and Meliaceae, while no significant 
differences had been noted in the tree species of families Anacardiaceae, 
Combertaceae and Verbenaceae (Table 3).  Theas results aren't in line with 
Osman's findings (2001) that Anogeissus leiocarpus and Terminalia brownii 
were significantly different from each other.  
 
In Caesalpiniaceae family, no significant differences had been observed 
between Cassia fistula and both of Delonix regia and Tamarindus indica, 
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which were significantly different from each other.  Also, in Mimosaceae 
family, there weren't significant differences among the Acacia tree species.  
Albizia amara wasn't significantly differrent from Acacia seyal var. seyal, A. 
senegal and A. nilotica, but its mean fiber length is significantly lower than 
that of Acacia gerrardii and A. sieberana (Table 3).  Thease results aren't in 
agreement with those of Osman (2001) who found significant differences 
among Acacia nilotica, A. seyal var. seyal and Albizia amar, also with the 
findings of Yossif (2000) that Acacia nilotica was significantly different 
from A. senegal and A. seyal var. seyal. 
 
Fiber length of the sudied species had been classified according to IAWA 
Committee (1989) and Wagenführ (1984) classification as shown in Table 3. 
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Table 3. Simple statistics, results of mean separation test and classification 
for fiber length (µm) of the studied species 
 
Fiber length (µm)1 Classes2 Species 
Min Mean3 Max CV I W 
Adansonia digitata 1202 2840    A 3878 29.3 L L 
Ceiba pentandra 1282 2413    B 3889 17.2 L L 
Sterculia setigera 808 1948    C 2879 34.2 L M 
Ficus sycomorus 377 1272    D 1919 23.6 M S 
Acacia  sieberana 707 1199    D E  1838 21.0 M S 
Khaya senegalensis 424 1191    D E 1970 22.5 M S 
Acacia gerrardii 411 1188    DE 1665 26.7 M S 
Gmelina arborea 606 1129    D E F 1818 22.5 M S 
Delonix regia 485 1114    E F G 1818 26.6 M S 
Ailanthus excelsa 687 1109    E F G H 1970 29.6 M S 
Acacia  seyal var.seyal 485    1086  E F G HI  1798 25.9 M S 
Terminalia brownie 111 1064    E F G H I J 1646 24.9 M S 
Acacia Senegal 364 1039    E F G H I J 1499 31.2 M S 
Balanites aegyptiaca 596 1038    E F G H I J 1587 23.9 M S 
Ziziphus spina-christi 522 1021    E F G H I J 1776 29.9 M S 
Acacia  nilotica 533 1023    E F G H I J 1454 25.3 M S 
Tectona grandis 232 1010    F G H I J 1818 32.7 M S 
Anogeissus leiocarpus 515 1005    F G H I J K  2000 26.1 M S 
Dalbergia sisso 556 989      F G H I J K L 1485 23.8 M VS 
Albizia amara 626 985      F G H I J K L 1636 32.2 M VS 
Sclerocarya birrea 465 969      F G H I J K L 1535 31.2 M VS 
Diospyros mespiliformis 374 975      F G H I J K L 1919 27.6 M VS 
Cassia  fistula 247 929      G H I J K L  1313 29.9 M VS 
Lannea schimperi 561 931      H  I J L K 1717 42.2 M VS 
Boswellia papyrifera 414 912      I  J  K L M 2273 34.3 M VS 
Combretum hartmannianum 571 894      J  K L M 1919 37.5 S VS 
Azadirachta indica 485 834      K L M 1221 37.0 S VS 
Euphorbia tirucalli 253 832      K L M 1454 33.4 S VS 
Tamarindus indica 434 821      L M 1343 41.9 S VS 
Eucalyptus camaldulensis 455 756      M 1081 32.9 S VS 
Tamarix aphylla 525 749      M 1210 39.2 S VS 
Dalbergia melanoxylon 354 561      N 879 36.3 S VS 
1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
2I = Classification according to IAWA (1989); W=Classification according to Wagenführ 
(1984) where L= Long    M= Midium    S= Short     VS= Very short 
3Means having the same letter(s) are not significantly different at P=0.05. 
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Fiber Diameter  
The analysis of variance results (Table 4) indicated that there were significant 
variations in fiber diameter among species (P= 0.0001) and among samples 
within trees (P=0.001); they contributed to 65.77% and 6.40% of the total 
variance, respectively.  No significant variation was found among trees within 
species.  These results are in agreement with Osman (2001) and Rasheed and 
Dasti (2003), who found significant variation among species in fiber diameter, 
and in dissagrement with those concluded by Alachker (2005) who found 
significant variation among trees of half-sib families of Eucalyptus 
camaldulensis. 
 
Table 4. Analysis of variance and variance components for fiber diameter of 
the studied species 
 
  
 
 
 
 
 
 
                  1Pro= probability;   2Var.com= Variance component 
 
The highest mean values of fiber diameter were recorded for Adansonia 
digitata (34 µm) followed by Lannea schimperi (33.7 µm), these two species 
had significantly greater fiber diameter than the other species except Delonix 
regia, Boswellia papyrifera and Ceiba pentandra.  Anogeissus leiocarpus 
had the lowest mean value of fiber diameter (14.2 µm), and was not 
Variance 
Source 
Mean  
square 
F-value Pro1 
 
Var.com.2 Var.com 
% 
Species 2442.48 47.17 ≤0.0001 43.39 65.77 
Trees 51.78 0.70 >0.05 0.8885 0.000 
Samples 73.39 4 ≤0.001 4.222 6.40 
Error 18.36   18.360 27.83 
 54
significantly different from Cassi fistula, Acacia senegal, Eucalyptus 
camaldulensis, Dalbergia melanoxylon and Terminalia brownii (Table 5). 
 
The mean fiber diameter for Boswellia papyrifera, Eucalyptus camaldulensis 
and Sclerocarya birrea are greater than those reported by Nasroun and 
Elzaki (1987).  The mean fiber diameter values of Acacia nilotica, A.seyal 
var. seyal, Albizia amara, Anogeissus leiocarpus, Balanites aegyptiaca and 
Terminalia brownii are greater than those concluded by Osman (2001). 
 
No significant differences had been observed in fiber diameter between the 
tree species of four families, namly, Bombacaceae, Meliaceae, 
Papilionaceae and Verbenacea, while Anacardiaceae family had significant 
differences between its tree species.  In family Ceasalpiniaceae, it had been 
noted that Cassia fistula and Tamarindus indica weren't significantly 
different from each other but they were significantly different from Delonix 
regia. Also in Combertaceae family, Terminalia brownii was significantly 
different from both of Anogeissus leiocarpus and Combretum 
hartmannianum (Table 5). These results are in resemblance with those of 
Osman (2001) who reported significant differences between Anogeissus 
leiocarpus and Terminalia brownii. 
 
In Mimosaceae family, Acacia senegal and A. sieberana were significantly 
different from each other but both of them hadn't significant differences 
from the other tree species of Mimosaceae family which weren't 
significantly different from each other (Table 5).  These findings are in 
agreement with those of Osman (2001) who didn't find significant 
differences between Albizia amara and Acacia seyal but in disagreement 
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with his findings in the significant differnces whom he found between both 
of Acacia seyal var. seyal and albizia amara and Acacia nilotica; also these 
results are in agreement with those concluded by Youssif (2000) that there 
weren’t significant differences between Acacia nilotica and A. seyal var. 
seyal but in disagreement with his finding that Acacia Senegal was 
significantly different from both of A. nilotica and A. seyal var. seyal. 
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Table 5. Simple statistics, results of mean separation test for fiber diameter 
(µm) of the studied species 
 
Fiber diameter (µm)1 Species 
Mini. Mean2 Max. C.V. 
Adansonia digitata  12.6 34.0    A 55.5 24.5 
Lannea schimperi  20.8 33.7    A 47.3 15.2 
Delonix regia 22.7 33.1    A B 53.0 20.5 
Boswellia papyrifera  19.6 32.9    A B 52.4 18.6 
Ceiba pentandra  16.4 32.4    A B 48.0 17.3 
Ailanthus excelsa  6.3     29.7    B C 24.0      19.6 
Sclerocarya birrea 15.1 28.4    C D  49.2 16.2 
Gmelina arborea  12.6 28.6    C D 63.1 20.6 
Tectona grandis  17.7 27.3    C D 42.9 16.1 
Sterculia setiger  12.6 25.5    D E  35.3 16.4 
Ficus sycomorus  11.1 24.0    E F  41.6 24.7 
Acacia  sieberana  12.6 21.5    F G  30.3 16.1 
Euphorbia tirucalli  12.5 21.0    F G H  30.5 17.0 
Tamarix aphylla  12.5 20.9    F G H I 33.3 14.9 
Balanites aegyptiaca  13.9    20.6    F G H I 30.5 15.0 
Dalbergia sisso 12.6 20.1    G H I  31.6 18.8 
Acacia gerrardii  12.5 20.0    G H I 27.8 13.5 
Albizia amara  12.6 19.6    G H I 27.8      14.1 
Azadirachta indica 11.1  19.5    G H I 36.1  19.2 
Khaya senegalensis  13.9 19.3    G H I 31.9 20.1 
Ziziphus spina-christi  8.3 19.1    G H I 33.3 24.4 
Acacia seyal  13.9 18.8    G H I 26.4 13.9 
Diospyros mespiliformis 11.1 18.8    G H I 26.4 15.9 
Acacia  nilotica 13.9 18.6    G H I 26.4 13.0 
Combretum hartmannianum 11.4  18.6    G H I 26.5 16.5 
Tamarindus indica 7.6 17.8    G H I 25.2 15.5 
Cassia  fistula 12.5 17.6     H I J 24.3 14.2 
Acacia  senegal  11.1 17.3     H I J 25.0 15.9 
Eucalyptus camaldulensis 8.3 17.3     H I J 25.0 20.4 
Dalbergia melanoxylon 27.8 17.2     I J  27.8 14.8 
Terminalia brownii  10.1 17.1     I J  29.0 18.6 
Anogeissus leiocarpus  6.3 14.2     J 24.0 19.6 
 
          1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
     2Means having the same letter(s) are not significantly different at P=0.05. 
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Fiber Lumen Diameter 
Variation in fiber lumen diameter was significant for species (P= 0.0001) 
and samples within trees (P=0.001), but not for trees within species.  About 
72.28% and 6.38% of the total variance were associated with the variation 
among species and samples within trees, respectively.  The results are in 
accordance with Osman (2001), Rasheed and Dasti (2003) who observed 
significant variation in fiber lumen diameter among species.  But aren’t in 
agreement with the results of Alachker (2005) who reported significant 
variation among trees of Eucalyptus camaldulensis.     
 
Table 6. Analysis of variance and variance components for fiber lumen 
diameter of the studied species 
 
Variance 
Source 
Mean 
square
F-value Pro1 
 
Var.com2 Var.com 
% 
Species 3153.6 39.27 ≤0.0001 55.79 72.18 
Trees 80.31 0.994 >0.05 0.033 0.043 
Samples 80.81 4.89 ≤0.001 4.93 6.381 
Error 16.54   16.54 21.39 
 
              1Pro= probability;  2Var.com= Variance component. 
 
Table 7 shows the average values of fiber lumen diameter of the studied 
species.  The values ranged from 4.78 µm in Anogeissus leiocarpus to 25.35 
µm in Delonix regia which had significantly the highest value of fiber lumen 
diameter.  The lowest value was associated with Anogeissus leiocarpus (4.78 
µm), which was not significantly different from Acacia senegal, A. 
sieberana, A. nilotica, A. gerrardii, Combretum hartmannianum, Cassi 
fistula, Dalbergia melanoxylon and Terminalia brownii.   
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The mean fiber lumen diameter for Acacia nilotica, A.seyal var. seyal, 
Albizia amara, Anogeissus leiocarpus  and Terminalia brownii are lower 
than those obtained from Osman (2001) results, while that of Balanites 
aegyptiaca  are approximately similar. 
 
The species of the family Bombacaceae weren’t significantly different from 
each other in fiber lumen diameter.  Similar results were found among the 
species of each of the families Combertaceae, Meliaceae and Verbenaceae.  
Significant differences had been observed among the tree species of the 
family Anacardiaceae and Papilionaceae (Table 7).  In disagrement of these 
results were the findings of Osman (2001), who reported significant 
differences between Anogeissus leiocarpus and Terminalia brownii.  
  
In family Casalpiniaceae, Delonix regia had significantly higher values of 
fiber lumen diameter than Cassia fistula and Tamarindus indica which 
were'nt significantly different from each other.   In family Mimosaceae only 
Albizia amara and Acacia gerradii were significantly different from each 
other (Table 7).  These resultes are in disagreement with those of Osman 
(2001); who found significant differences between Albizia amara and 
Acacia nilotica, but in accordance with the researcher results in which no 
significat differences were found between A. seyal var. seyal and both of 
Acacia nilotica and Albizia amara. 
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Table7. Simple statistics, results of mean separation test for fiber lumen 
diameter (µm) of the studied species 
 
 Fiber lumen diameter (µm)1 Species 
Min. Mean2 Max. C.V. 
Delonix regia 15.15   25.35    A  50.50 29.3 
Lannea schimperi  14.52  24.94    A 37.88 17.2 
Adansonia digitata  5.05     24.24    A 45.45 34.2 
Ceiba pentandra  5.05  24.12    A 41.16 23.6 
Gmelina arborea  5.05   22.88    A B 35.35 21 
Ailanthus excelsa  8.33   22.70    A B C 36.08 22.5 
Boswellia papyrifera  8.85   22.56    A B C 40.40 26.7 
Tectona grandis  2.53   20.81    B C 32.83 22.5 
Sclerocarya birrea 5.05 20.01    C 42.93 26.6 
Ficus sycomorus  5.55    15.69    D 27.75 29.6 
Euphorbia tirucalli  2.78    13.97    D E  22.20 25.9 
Tamarix aphylla  5.55  13.01    E F    24.98 24.9 
Sterculia setiger  5.05   12.55    E F G 25.88 31.2 
Eucalyptus camaldulensis 5.55 12.28    E  F G 22.20 23.9 
Dalbergia sisso 5.05   11.93    E F G H   22.73 29.9 
Ziziphus spina-christi  5.55  11.16    E F G H I 22.20 25.3 
Azadirachta indica 4.16    10.27    F G H I J  24.97 32.7 
Albizia amara  5.05 10.04   G H I J K 17.68 26.1 
Balanites aegyptiaca  4.16   10.04   G H I  J K  16.65 23.8 
Khaya senegalensis  5.55  9.85     G H I J KL 19.43 32.2 
Diospyros mespiliformis 4.16     9.08     H I J K L M 20.81 31.2 
Tamarindus indica  3.79  9.03     I J K L M 15.78 27.6 
Acacia  seyal var.seyal 2.77     7.87     J K L M  13.88 29.9 
A. sieberana  2.59    7.62     J K L M N  21.46   42.2 
Cassi fistula 2.78   7.31     K L M N 15.26 34.3 
Acacia  senegal  2.78  7.28     K L M N 13.88 37.5 
A. nilotica 2.77 7.23     K L M N   18.04    37.0 
Dalbergia melanoxylon 3.79   7.06     L M N   15.15 33.4 
Terminalia brownii  2.53  7.04     L M N    22.73 41.9 
Combretum hartmannianum 2.53     6.99     L M N 13.89 32.9 
Acacia gerrardii  2.77     6.28     M N 16.65     39.2 
Anogeissus leiocarpus  2.5 3    4.78     N  16.41 36.3 
 
         1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
     2Means having the same letter(s) are not significantly different at P=0.05. 
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Double Wall Thickness 
The analysis of variance indicated highly significant variation in double wall 
thickness among species (P= 0.0001), trees within species and samples 
within trees (P= 0.005). Their contribution to the total variance was 33.84%, 
8.19% and 4.1%, respectively (Table 8).  These results are in agreement with 
those of Osman (2001), but different than those of Rasheed and Dasti (2003) 
and Babos (1979) in which no significant variation among species had been 
obseved.  In contrast to the results of this study were those of Alachker 
(2005) who didn’t find significant variation among trees within species.   
 
Table 8. Analysis of variance and variance components for double wall 
thickness of the studied species 
 
Variance 
Source 
Mean 
square 
F-value Pro1 
 
Var.com2 Var.com 
% 
Species 251.76 7.30 ≤0.0001 3.95 33.84 
Trees 34.48 2.76 ≤0.005 0.956 8.19 
Samples 12.50 1.99 ≤0.005 0.476 4.08 
Error 6.29   6.29 53.89 
    
                        1Pro= probability;  2Var.com= Variance component 
 
Table 9 shows simple statistics of double wall thickness and results of 
Duncan’s Multiple Range Test among the studied species.  Acacia sieberana 
(13.93 µm) had the highest mean value of double wall thickness and it was 
not significantly higher than Acacia gerrardii (13.70 µm) and Sterculia 
setigera (12.64 µm).  Sterculia setigera had significantly thicker fiber walls 
than the other species, except Combretum hartmannianum, Acacia nilotica 
and A. seyal var. seyal.  Gmelina arborea had the lowest mean value (5.76 
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µm) and it was not significantly different from Eucalyptus camaldulensis, 
Euphorbia tirucalli, Ailanthus excelsa and Tectona grandis.  
 
The mean double wall thickness of Boswellia papyrifera, Eucalyptus 
camaldulensis and Sclerocarya birrea are greater than those found by 
Nasroun and Elzaki (1987).  Also, the mean values of double wall thickness 
of Acacia nilotica, A.seyal var. seyal, Albizia amara, Anogeissus leiocarpus, 
Balanites aegyptiaca and Terminalia brownii are greater than those obtained 
by Osman (2001). 
 
No significant differences had been observed among the tree species of all 
the families; one exception was in Mimocaceae family in which both of 
Acacia sieberana and A.gerradii mean values of double wall thickness were 
significantly different from that of Acacia nilotica, A. seyal var seyal, A. 
Senegal and albizia amara (Table 9).  These results are in agreement with 
those concluded by Osman (2001) that Anogiessus leiocarpus and 
Terminalia brownii weren’t significantly different from each other, and in 
disagreement with Osman (2001) results in which significant differences had 
been observed between mean double wall thickness of Acacia nilotica and 
Albizia amara and that of  Acacia seyal var. seyal.  
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Table 9. Simple statistics, results of mean separation test for double wall 
thickness (µm) of the studied species 
 
Double wall thickness (µm)1 Species 
Min. Meanw2 Max. C.V. 
Acacia  sieberana  5.05 13.93     A 27.77 25.4 
A. gerrardii  5.55 13.70     A 22.20 24.0 
Sterculia setiger  3.16 12.64     A B 18.94 21.6 
Combretum hartmannianum  6.31 11.62     B C                 20.20 23.8 
Acacia nilotica 1.39 11.39     B C D 19.42 26.8 
A. seyal var.seyal 5.55  10.98     B C D E 19.42 30.3 
Balanites aegyptiaca  5.55 10.57     C D E F 16.65 24.1 
Boswellia papyrifera  5.05 10.36     C D E F G      23.99 21.6 
Cassi fistula 3.47 10.15     C D E F G H 13.87 18.5 
Dalbergia melanoxylon 3.79 10.11     C D E F G H I 16.41 21.8 
Acacia senegal  4.16 10.02     C D E F G H I 16.65 23.8 
Terminalia brownii  5.05 10.01     C D E F G H I 17.67 22.3 
Adansonia digitata  2.25 9.79       C D E F G H I J 18.94 34.1 
Diospyros mespiliformis 2.77 9.71       C D E F G H I J 18.04 30.9 
Albizia amara  5.05 9.53       D E F G H I J K L 15.15 20.7 
Khaya senegalensis  2.77 9.47       D E F G H I J K L 16.65 26.3 
Anogeissus leiocarpus  2.52 9.38       D E F G H I J K L 15.15 23.0 
Azadirachta indica 4.16 9.22       E F G H I J K L M 16.65 27.4 
Tamarindus indica  2.52 8.77       F G H I J K L M N 18.94 24.9 
Lannea schimperi  2.53    8.76       F G H I J K L M N 15.78 29.2 
Ficus sycomorus  2.77 8.55       F G H I J K L M N 22.20 38.6 
Sclerocarya birrea 2.52 8.42       G H I J K L M NO 29.04 38.4 
Ceiba pentandra  1.89 8.25       H I J K L M N O  22.72 39.8 
Dalbergia sisso 3.79 8.17       I J K L M N O      16.41 24.1 
Ziziphus spina-christi  2.77 7.83       J K L M NO 24.97 33.4 
Delonix regia 1.26 7.73       K L M N O        21.46 41.7 
Tamarix aphylla  2.77 7.78       L M N O 13.87 24.1 
Eucalyptus camaldulensis 2.77 7.27       M N O P              18.04 34.5 
Euphorbia tirucalli  2.08 7.02       N O P               13.87 34.8 
Ailanthus excelsa  2.77 7.01       N O P 13.87 32.7 
Tectona grandis  1.26 6.47       O P 25.25 46.2 
Gmelina arborea  1.26 5.76       P 27.77 51.3 
 
1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
2Means having the same letter(s) are not significantly different at P=0.05. 
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Slenderness Ratio  
Highly significant variation among species (P=0.0001) and samples within 
trees (P= 0.001) were detected in slenderness ratio and they contributed 
59.07% and 5.2% to the total variance, respectively.  No significant variation 
was noted among trees within species (Table 10).  In contrast to these 
results, Rasheed and Dasti (2003) didn’t find significant variation in 
slenderness ratio among twenty-four species belonging to nineteen families, 
and Alachker (2005) found significant variation among trees within species. 
 
Table 10. Analysis of variance and variance components for Slenderness 
ratio of the studied species 
 
Variance 
Source 
Mean 
square 
F-value Pro1 
 
Var.com2 Var.com 
% 
Species 13240 35.20 ≤0.0001 233.53 59.07 
Trees 376.14 0.93 >0.05    1.07  0.00 
Samples 406.50 2.92 ≤0.001   20.48  5.21 
Error 139.09     139.09 35.38 
 
                     1Pro= probability;  2Var.com= Variance component 
 
The highest mean value of slenderness ratio (89.1) was in Adansonia 
digitata, which showed significant differences from the other species, 
followed by Ceiba pentandra (76.3) and then by Sterculia setigera (75.8), 
which was significantly different from the other species, except Anogeissus 
leiocarpus.  The lowest value (28.1) was found in Boswellia papyrifera; 
however it was not significantly different from Ailanthus excelsa, Dalbergia 
melanoxylon and lannea schimperi (Table 11). 
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The species of the family Anacardiaceae were not significantly different 
from each other in slenderness ratio.  Similar results were obtained for the 
species of the family Mimosaceae and Verbenaceae.  However significant 
differences were found in slenderness ratio among the species of each of the 
families Bombacaceae, Paplionaceae and Meliaceae (Table 11). 
 
It had been obsereved in the family Caesalpiniaceae that Tamarindus indica 
wasn't significantly different from Delonix regia and Cassi fistula, which 
were significantly different from each other.  Also in the family 
Combertaceae; Anogeissus leiocarpus and Terminalia brownii had 
significantly higher Selenderness ratio than Combretum hartmannianum 
(Table 11).   
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Table 11. Simple statistics, results of mean separation test for Slenderness 
Ratio of the studied species 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
       1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
         2Means having the same letter(s) are not significantly different at P=0.05. 
 
 
 
 
Slenderness Ratio1 Species 
 Mini. Mean2 Max. C.V. 
Adansonia digitata  40.0   89.1  *A 272    35.7 
Ceiba pentandra  38.7 76.3    B 121 21.3 
Sterculia setiger  34.9  75.8    B 122 26.3 
Anogeissus leiocarpus  29.5 70.8    B C     182 27.7 
Terminalia brownii  5.9 62.0    C D 130 26.0 
Acacia  senegal  20.2 62.0    C  D 100 20.0 
A. gerrardii  29.6   61.5    C D E 109 18.7 
A. seyal var.seyal 33.5  59.9    D  E 98.9 21.2 
Ziziphus spina-christi  23.3 57.7    D E F 128   37.1 
Khaya senegalensis  25.5  57.5    D E F 94 22.6 
Acacia sieberana  34.3   56.9    D E F 91 23.0 
Ficus sycomorus  24.3  54.8    D E F G 99 28.9 
Acacia nilotica 27.4   54.7    D E F G 83 19.0 
Balanites aegyptiaca  30.0   51.9    D E F G H 80 18.7 
Cassi fistula 14.9   50.8    D E F G H 78 24.1 
Dalbergia sisso 27.6   51.8    D E F G H 87 24.0 
Albizia amara  30.4  51.1    D E F G H 83 21.2 
Diospyros mespiliformis 16.8   50.2    E F G H I 75 20.1 
Combretum hartmannianum  26.6   50.2    E F G H I 109 27.9 
Tamarindus indica  28.5  46.1    F G H I J 123 24.1 
Eucalyptus camaldulensis 22.5   44.1    G H I J K 103 32.2 
Azadirachta indica 21.0    42.7    H I J K 68 21.4 
Euphorbia tirucalli  24.3   40.8    H I J K 71 22.9 
Gmelina arborea  19.2  39.5    I J K 72 23.4 
Tamarix aphylla  18.5 36.7    J K L 87 23.3 
Tectona grandis  10.2 38.8    J K L 76 28.7 
Sclerocarya birrea 17.9  35.2    J K L 75 26.7 
Delonix regia 12.2   35.2    J K L 58 34.7 
Ailanthus excelsa  20.6 35.1    J K L M 76 23.8 
Dalbergia melanoxylon 18.7   33.2    K L M 66 22.0 
Lannea schimperi  4.6    28.1    L M 82 30.7 
Boswellia papyrifera  11.3   28.1    M 49 25.3 
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Runkle Ratio 
 
The results of the analysis of variance for runkle ratio (Table 12) revealed 
highly significant variations among species (P= 0.0001), which contributed 
to 45.82% to the total variance, and among trees within species (P= 0.001) 
which contributed 5.85% to the total variance.  The variation among samples 
within trees was not significant.  In dissagrement with these results Rasheed 
and Dasti (2003) reported no significant variation in the values of runkle 
ratio among twenty four monocot and dicot species. In similarity of the 
findings of this study were those of Alachker (2005) in which significant 
variation among half-sid families of Eucalyptus camaldulensis were found.   
 
Table 12. Analysis of variance and variance components for runkle ratio of 
the studied species 
  
Variance 
Source 
Mean 
square 
F-value Pro1 
 
Var.com2 Var.com 
% 
Species 23.913 14.85 ≤0.0001 0.405401 45.82 
Trees 1.610 3.88 ≤0.001 0.051742 5.85 
Samples 0.4144 0.97 >0.05 0.001009 0.000 
Error 0.4276   0.427649 48.33 
 
      1Pro= probability;  2Var.com= Variance component 
 
The results given in Table 13 show that Acacia gerrardii had significantly 
the highest mean value of runkle ratio (2.60) and it didn’t differ significantly 
from Acacia sieberana.  Gmelina arborea had the lowest mean value of 
runkle ratio (0.268) and was not significantly different from Adansonia 
digitata, Ailanthus excelsa, Boswellia papyrifera, Ceiba pentandra, Delonix 
regia, Euphorbia tirucalli, Ficus sycomorus, Lannea schimperi, Tectona 
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grandis and Sclerocarya birrea.  The mean runkle ratio for Boswellia 
papyrifera and Sclerocarya birrea are higher than those found by Nasroun 
and Elzaki (1987) while that of Eucalyptus camaldulensis is lower.  
 
There weren't significant differences in runkel ratio among the tree species 
in each of the families Anacardiaceae, Bombacaceae, Meliaceae and 
Verbenaceae, while signigicant differences were observed amog the tree 
species in each of the families Caesalpiniaceae and Papilionaceae. In family 
Combertaceae, Combretum hartmannianum didn’t show significasnt 
differences from both of Anogeissus leiocarpus and Terminalia brownii, 
which were significantly different from each other (Table 13). 
 
In Mimosaceae, it had been noted that Acacia gerrardii had significantly 
higher value of runkle ratio than the other species of the family except A. 
sieberana, which significantly differed from the other species except Acacia 
nilotica.  Acacia nilotica, A. senegal and A. seyal var.seyal were not 
significantly different from each other.  Albizia amara was significantly 
different from all Acaia species (Table 13).   
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Table 13. Simple statistics, results of mean separation test for Runkle Ratio 
of the studied species 
 
Runkle Ratio (µm)1 Species 
Min. Mean2 Max. C.V. 
Acacia gerrardii  0.400 2.60        A 8.00 53.41 
A. sieberana  0.294 2.30        A B 11.00 70.06 
Anogeissus leiocarpus  0.310 2.14        B C 5.00 38.51 
Combretum hartmannianum  0.600 1.92        B C D 8.oo 4.65 
Acacia nilotica 0.077 1.88        B C D 6.00 57.47 
A. senegal  0.300 1.71        C D 6.00 66.80 
Terminalia brownii  0.274 1.66        D E 6.50 48.84 
Acacia seyal var. seyal  0.400  1.65        D E 7.00 66.02 
Dalbergia melanoxylon 0.300 1.63        D E 4.00 44.25 
Cassi fistula 0.263 1.59        D E 5.00 53.61 
Diospyros mespiliformis 0.20 1.21        E F 3.67 51.02 
Balanites aegyptiaca  0.400 1.14        F G 3.00 41.79 
Sterculia setiger  0.122 1.13        F G 2.37 40.43 
Khaya senegalensis  0.200 1.08        F G H 2.50 46.90 
Tamarindus indica  0.272 1.08        F G H 5.00 51.75 
Albizia amara  0.286 1.03        F G H I 2.25 38.68 
Azadirachta indica 0.286 1.02        F G H I 3.00 49.52 
Ziziphus spina-christi  0.143 0.771      F G H I 4.50 59.44 
Dalbergia sisso 0.222 0.769      F G H I 2.25 48.28 
Eucalyptus camaldulensis 0.167 0.650      G H I 2.75 58.48 
Tamarix aphylla  0.167 0.653      G H I 2.00 45.22 
Ficus sycomorus  0.125 0.605      H I J 1.50 47.14 
Euphorbia tirucalli  0.125 0.584      I J 3.50 75.27 
Boswellia papyrifera  0.140 0.499      J 1.21 38.82 
Adansonia digitata  0.091 0.496      J 2.33 75.13 
Sclerocarya birrea 0.100 0.484      J 3.83 81.24 
Tectona grandis  0.048 0.403      J 10.00 222.75
Ceiba pentandra  0.071  0.382      J   2.25 68.77 
Lannea schimperi  0.091 0.449      J 10.79   213.72
Delonix regia 0.025 0.344      J 1.31 60.16 
Ailanthus excelsa  0.083 0.335      J 1.33 52.15 
Gmelina arborea  0.045 0.268      J 1.50 63.41 
 
            1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
                2Means having the same letter(s) are not significantly different at P=0.05. 
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Coefficient of Suppleness 
 
The analysis of variance in Table 14 shows significant variation in the 
values of coefficient of suppleness among species (P= 0.0001), trees within 
species (P= 0.01) and samples within trees (0.001).  The variation among 
species, trees and samples within trees contributed 65.79%, 5.15% and 
2.70%, from the total variance, respectively.  The results are in agreement 
with those reported by Rasheed and Dasti (2003) who found significant 
variation among species and with those of Alachker (2005) who found 
significant variation among trees within species.  
 
Table 14. Analysis of variance and variance components for the coefficient 
of suppleness of the studied species 
 
  
Variance 
Source 
Mean 
square 
F-value Pro1 
 
Var.com2 Var.com 
% 
Species 0.312 21.48 ≤0.0001 0.0220 65.79 
Trees 0.0609 2.54 ≤0.01 0.0017   5.15 
Samples 0.0206 2.40 ≤0.001 0.0009   2.70 
Error 0.0086   0.0086 25.35 
 
             1Pro= probability;  2Var.com= Variance component 
 
The coefficient of suppleness had been shown in Table (15).  The highest 
coefficient of suppleness (0.799) was in Gmelina arborea.  The lowest value 
of coefficient of suppleness was in Acacia gerrardii (0.317), however, the 
differences between the values of coefficient of suppleness of Acacia 
gerrardii and that of Acacia nilotica, Combretum hartmannianum, Acacia 
sieberana and Anogeissus leiocarpus were not significant.   
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The families Anacardiaceae, Combertaceae, Bombaccaceae, Meliaceae and 
Verbenaceae didn’t show significant differences among their tree species.  
There were significant differences among the tree species of families 
Caesalpiniaceae and Papilionaceae.  In Mimosaceae family, no significant 
differences had been observed among Acacia seyal var. seyal, A. Senegal, A. 
Sieberana and A. nilotica.  Acacia gerrardii had significant differences from 
all the Acacia species except Acacia nilotica and A.Sieberana.  Albizia 
amara was significantly different from the other species of Mimosacese 
family (Table 15).   
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Table 15. Simple statistics, results of mean separation test for coefficient of 
suppleness of the studied species 
 
Coefficient of suppleness1 Species 
Min. Mean2 Max. C.V. 
Gmelina arborea  0.400  0.800    A 0.956 9.6 
Tectona grandis  0.091 0.761    A B 0.954 13.9 
Ailanthus excelsa  0.428 0.759    A B 0.923 10.8 
Delonix regia 0.433 0.758    A B 0.975 13.0 
Ceiba pentandra  0.308  0.741    A B C 0.933 13.6 
Lannea schimperi  0.085 0.734    A B C  0.917 11.9 
Sclerocarya birrea 0.207 0.700    B C D 0.909 15.7 
Adansonia digitata  0.30 0.697    C D  0.917 17.8 
Boswellia papyrifera  0.452 0.677    C D  0.870 11.6 
Euphorbia tirucalli  0.222 0.661    D 0.889 18.0 
Ficus sycomorus  0.400 0.640    D E  0.889 16.6 
Eucalyptus camaldulensis 0.267 0.628    D E 0.857 16.6 
Tamarix aphylla  0.333 0.625    D E 0.643 17.9 
Dalbergia sisso 0.308 0.586    E F 0.818 17.5 
Ziziphus spina-christi  0.182 0.570    E F G 0.875 19.0 
Azadirachta indica 0.250 0.523    F G H 0.778 21.9 
Albizia amara  0.308 0.509    G H   0.778 18.5 
Khaya senegalensis  0.286 0.506    G H 0.833 22.0 
Tamarindus indica  0.167 0.505    G H 0.786 20.9 
Sterculia setiger  0.300 0.494    H I 0.508 23.0 
Balanites aegyptiaca  0.250 0.488    H I J 0.714 19.9 
Diospyros mespiliformis 0.214 0.484    H I J 0.833 26.0 
Acacia seyal var. seyal  0.125 0.424    I J K 0.714 30.2 
A. senegal  0.143 0.416    J K 0.769 30.5 
Cassi fistula 0.167 0.417    K L 0.792 25.9 
Dalbergia melanoxylon 0.200 0.409    K L  0.769 27.2 
Terminalia brownii  0.133 0.406    K L 0.783 27.8 
Acacia nilotica 0.143 0.390    K L M 0.928 34.0 
Combretum hartmannianum  0.111 0.375    K L M  0.625 27.4 
Acacia sieberana  0.082 0.352     K L M 0.773 35.2 
Anogeissus leiocarpus  0.167 0.338    L M 0.765 25.0 
Acacia gerrardii  0.111 0.317    M 0.714 38.0 
 
          1Min= Minimum;   Max = Maximum;   CV=Coefficient of Variation     
             2Means having the same letter(s) are not significantly different at P=0.05. 
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In the following section, summary of the similarities and discrepancies 
among species in all quantitative characteristics is given by families. 
 
In Anacardiacease family non significant differences had been observed 
between Lannea schimperi and Sclerocarya birrea in all measured variables, 
except fiber diameter and fiber lumen diameter, also in Bombacacease 
family the differences between Adansonia digitata and Ceiba pentandra 
were not significant in all measured variable except in fiber length and 
slenderness ratio.  
 
In Caesalpiniaceae family, Significant differences among Tamarindus 
indica, Delonix regia, and Cassi fistula were detected in coefficient of 
suppleness and runkle ratio, also between Cassi fistula and Delonix regia in 
double wall thickness and slenderness ratio, Tamarindus indica and Delonix 
regia in fiber length, and between both of Cassi fistula and Tamarindus 
indica and Delonix regia in fiber diameter and fiber lumen diameter.  Non 
significant differences had been noted between Tamarindus indica, and 
Cassi fistula in all the mesured variables except in coefficient of suppleness 
and runkle Ratio.  Delonix regia had not significant differences from 
Tamarindus indica in double wall thickness and slenderness ratio and from 
Cassi fistula in fiber length.  
 
There weren't significant differences among species of Combertaceae family 
in fiber length, fiber lumen diameter and coefficient of suppleness, however, 
Combretum hartmannianum was significantly different from Anogeissus 
leiocarpus in fiber diameter, double wall thickness and slenderness ratio, 
both of Terminalia brownii and Anogeissus leiocarpus were significantly 
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different from each other only in runkle ratio.  Combretum hartmannianum 
and Terminalia brownii had significant differences from each other just in 
slenderness ratio.  In Meliaceae family, the differences between Azadirachta 
indica and Khaya senegalensis weren't significant in all the measured 
variables except in fiber length and slenderness ratio.   
 
The duncan's multiple range test showed that all the measured species of 
Mimosaceae family hadn’t significant differences from each other in fiber 
length, fiber diameter and slenderness ratio, except among both of Acacia 
sieberana, A. gerrardii  and Albizia amara in fiber length and between A. 
sieberana and  A. senegal in fiber diameter.  No significant differences had 
been obsereved between Acaia senegal, A. seyal var. seyal, A. nilotica and 
Albizia amara in double wall thickness and runkle ratio, but they had 
significant different from A. sieberana and Acacia gerrardii.  
 
The measured tree species of Papilionaceae family weren't significantly 
different from each other just in fiber diameter and douple wall thickness, 
while those of Verbenaceae family hadn’t significant differences from each 
other in all the measured variables.  
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Shapes of Fiber Tips  
The fiber tips of the studied species showed shapes that vary in tapering and 
distortion forms.  In the following sections, tapering and distortion forms 
will be illustrated separately and then will be put together to give a collective 
description of the fiber tips. 
 
Tapering forms 
Three basic fiber tapering forms were observed in the studied species, 
namely, pointed tips (both tips were pointed), denticulated tips or tips 
equipped with dentation (both tips were denticulated) and both pointed and 
denticulated tips (one tip was pointed and the second was denticulated) 
(Figure 3).  Most fibers (87.53%) of the studied species had pointed tips 
(Table 16), followed by pointed and denticulated tips (8.74%) and then by 
denticulated tips (3.73%). 
 
 
 
 
 
 
 
 
                                          P             D             P/D 
Figure 3. Tapering forms of fiber tips of the studied species 
 
P= pointed           D= denticulated         P/D= pointed/denticulated 
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Distortion forms 
The study revealed that there were non-distorted and distorted fibers tips.  
Some of the distorted fiber tips were distorted on same side and the others 
were distorted on opposite sides (figure 4).  It was noted that 62.16% of the 
total fiber tips were non-distorted and 37.84% were distorted.  Regarding the 
distortion side, 85.15 % of the distorted fiber tips were found to be distorted 
on same side, and 14.85 % were distorted on opposite sides (Table 16). 
 
 
                                             ND                     D   
 
 
 
 
 
 
 
 
 
 
 
                                                              SS         OS                            
 
Figure 4. Distortion forms of fiber tips of the studied species 
 
             ND=Non distorted   D=Distorted 
             SS=Distortion on same side         OS=Distortion on opposite sides 
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Table 16. Percentages of fibers with tips tapering, distortion and distortion 
side of the studied species 
 
 
 
 
 
 
 
 
 
A few number of forked fiber tips had been observed in some of the studied 
species (Figure 5) , namely, Acacia gerrardii, A. nilotica, A.seyal var. seyal, 
Adansonia digitata, Anogeissus leiocarpus, Albizia amara, Balanites 
aegyptiaca, Boswellia papyrifera, Ceiba pentandra, Combretum 
hartmannianum, Dalbergia melanoxylon, Eucalyptus camaldulensis,  
Euphorbia tirucallii, Ficus sycomorus, Gmelina arborea, Khaya 
senegalensis, Lannea schimperi, Sclerocarya birrea, Tamarindus indica and 
Terminalia brownii. 
 
 
 
 
 
 
 
 
 
Description % 
Pointed  87.53 
Denticulated  3.73 
 
 
Tapering 
 Pointed/denticulated 8.74 
Distorted  37.84  
Distortion Non distorted  62.16 
Same side  85.15  
Distortion side  Opposite sides  14.85 
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                                          a                                    b 
Figure 5. Forked fiber tips  
                                  a: Gmelina araborea       b: Anogeissus leiocarpus 
 
These results are similar to those reported by Ilvessalo-Pfäffli (1995) and 
Tsoumis (1968) who reported in the definition of fiber that the end or tips 
may be pointed, denticulated and some time forked  
 
Description of Fiber Tips  
Seven shapes had been observed: pointed/non distorted, pointed/distorted on 
same side, pointed/ distorted on opposite sides, pointed/denticulated/ 
distorted on  same side, pointed/denticulated/distorted on opposite sides, 
denticulated/distorted on same side and denticulated/distorted on opposite 
sides (Figure 6). 
 
Table 17 shows that 62.01% of the total fiber tips were pointed/non 
distorted, it was the highest percentage followed by 21.68% which 
associated with pointed/distorted on same side tips, while the percentage of 
pointed/distorted on opposite sides was 3.84%. The 
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pointed/denticulated/distorted on same side contributed by 8.67%, while that 
of pointed/denticulated/distorted on opposite sides contributed by 0.09% 
which was the lowest percentage.  The denticulated/ distorted on same side 
fiber tips contributed by 3.13% and the denticulated/distorted on opposite 
sides contributed by 1.59%.  It had been observed that in all of pointed, 
denticulated and pointed/denticulated fiber tips the percentage of the 
distorted on same side fiber tips was higher than that of distorted on opposite 
sides (Table 17). 
                                   PDSS         PDDSS           DDSS 
 
  
 
 
 
 
 
 
                      PND              PDOS         PDDOS         DDOS     
 
Figure 6. Shapes of fiber tips in the studied species 
 
PND= pointed/non distorted; PDSS= pointed/distorted on same side;  
PDOS= pointed/ distorted on opposite sides; 
PDDSS= pointed/denticulated/distorted on same side; 
PDDOS= pointed/denticulated/distorted on opposite sides;   
DDSS= denticulated/distorted on same side and  
DDOS= denticulated/distorted on opposite sides.  
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Table 17. Percentages of the occurrence of fibers tip shapes 
in the studied species 
 
 
 
 
 
 
 
1 Apreviations for fiber shapes are as given in the footnotes of Figure 6. 
 
Description of fiber tips by species: 
The highest percentage of pointed/non distorted fiber tips was 92.14% 
associated with Acacia senegal followed by 90% in Tamarix aphylla, 
89.17% in Acacia nilotica , 86.67% in A. sieberana, 83.33% in Ceiba 
pentandra, 81.67% in Acacia gerrardii and then 80% in Delonix regia. 
Euphorbia tirucalli had percentage of 36.78% from the pointed/non 
distorted fiber tips, Ziziphus spina-christi had 38.33%, while the lowest 
percentage was 31.67% in Ailanthus excelsa, which had the highest 
percentage of pointed /distorted on same side fiber tips (43.33%) followed 
by Dalbergia melanoxylon (42.22%), Dalbergia sisso (40%), while the 
lowest percentage was 2.86% in Acacia senegal. The highest percentage of 
pointed/distorted on opposite sides was 15.56% associated with Dalbergia 
sisso and the lowest percentage was 0.83% in Acacia sieberana, while all of 
Albizia amara, Adansonia digitata, Ceiba pentandra, Delonix regia, 
Eucalyptus camaldulensis, Ficus sycomorus, Lannea schimperi, Sterculia 
setiger and Tectona grandis had no pointed/distorted on opposite sides fiber 
tips.  
Fiber tip shapes1 Percentage 
PND 62.01
PDSS 21.68
PDOS 3.84
PDDSS 8.67
PDDOS 0.09
DDSS 2.13
DDOS 1.59
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Ziziphus spina-christi had the highest percentage of 
pointed/denticulated/distorted on same side fiber tips (26.67), followed by 
Euphorbia tirucalli 20.69%.  While the lowest percentage was 1% 
associated with Khaya senegalensis. Acacia nilotica was the only species 
which had no pointed/denticulated/distorted on same side fiber tips.  The 
pointed/denticulated/distorted on opposite sides fiber tips was observed only 
in Diospyros mespiliformis (3%) and Khaya senegalensis (0.71%) (Table 
18). 
 
The highest percentage of denticulated/destorted on same side fiber tips was 
9.17% in Ziziphus spina-christi and Eucalyptus camaldulensis followed by 
8.33% in Balanites aegyptiaca, 6.90% which was associated with Euphorbia 
tirucalli and then 5.71% in Diospyros mespiliformis.  The lowest percentage 
was 0.56% in Boswellia papyrifera.  Acacia gerrardii, A. nilotica, A. 
sieberana, Albizia amara, Combretum hartmannianum, Dalbergia 
melanoxylon, D. sisso, Delonix regia, Lannea schimperi, Tamarix aphylla 
and Tamarindus indica had no denticulated/distorted on same side fiber tips.  
 
Euphorbia tirucalli had the highest percentage of denticulated/distorted on 
opposite sides fiber tips (9.77%) followed by Anogeissus leiocarpus 
(6.11%). Boswellia papyrifera and Dalbergia melanoxylon had the lowest 
percentage (0.56%). All of Acacia gerrardii, A. nilotica, A. sieberana,  A. 
senegal, Albizia amara, Ceiba pentandra, Dalbergia sisso, Ficus sycomorus, 
Sclerocarya birrea, Tamarix aphylla, Terminalia brownii and Tamarindus 
indica hadn't denticulated/distorted on opposite sides fiber tips (Table 18). 
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Table 18. Percentages of the occurrence of fibers tip shapes in each of the 
studied species 
 
 
1 Apreviations for fiber shapes are as given in the footnotes of Figure 6. 
 
 
Shapes of fiber tips (%)1 Species 
PND PDSS PDOS PDDSS PDDOS DDSS DDOS 
Acacia gerradii 81.67 15.00 1.67 1.67 0.00 0.00 0.00 
A.senegal  92.14 2.86 1.43 2.86 0.00 0.71 0.00 
A.seyal 78.33 11.67 5.83 1.67 0.00 1.67 0.83 
A. sieberana 86.67 6.67 0.83 5.83 0.00 0.00 0.00 
A. nilotica 89.17 7.50 3.33 0.00 0.00 0.00 0.00 
Adansonia digitata 65.83 22.5 0.00 8.33 0.00 1.67 1.67 
Ailanthus excelsa 31.67 43.33 5.83 11.67 0.00 5.00 2.50 
Albizia amara 61.69 33.77 0.00 4.55 0.00 0.00 0.00 
Anogeissus leiocarpus 63.33 11.67 3.33 13.33 0.00 2.22 6.11 
Azadirachta indica 55.83 23.33 4.17 9.17 0.00 5.00 2.50 
Balanites aegyptiaca  48.33 33.33 2.5 5.83 0.00 8.33 1.67 
Boswellia papyrifera  49.44 28.33 2.78 18.33 0.00 0.56 0.56 
Cassi fistula 73.75 11.25 3.75 8.75 0.00 1.25 1.25 
Ceiba pentandra  83.33 9.17 0.00 5.00 0.00 2.50 0.00 
Combretum hartmannianum  52.38 24.49 7.48 12.24 0.00 0.00 3.40 
Dalbergia melanoxylon 53.33 42.22 2.78 1.11 0.00 0.00 0.56 
Dalbergia sisso 40.56 40.00 15.56 3.89 0.00 0.00 0.00 
Delonix regia 80.00 17.50 0.00 1.25 0.00 0.00 1.25 
Diospyros mespiliformis 50.00 21.43 5.00 12.86 0.71 5.71 4.29 
Eucalyptus camaldulensis 45.83 30.00 0.00 11.67 0.00 9.17 3.33 
Euphorbia tirucalli  36.78 21.84 4.02 20.69 0.00 6.90 9.77 
Ficus sycomorus  65.38 27.50 0.00 3.33 0.00 3.33 0.00 
Gmelina arborea  68.13 10.00 7.50 12.50 0.00 1.25 0.63 
Khaya senegalensis  68.00 13.00 9.00 1.00 3.00 1.00 1.00 
Lannea schimperi  68.33 18.33 0.00 10.83 0.00 0.00 2.50 
Sclerocarya birrea 63.33 21.67 5.00 8.89 0.00 1.11 0.00 
Sterculia setiger  59.09 34.09 0.00 4.55 0.00 1.52 0.76 
Tamarindus indica  56.67 28.33 10.56 4.44 0.00 0.00 0.00 
Tamarix aphylla  90.00 5.00 2.00 3.00 0.00 0.00 0.00 
Tectona grandis  67.50 13.33 0.00 17.50 0.00 0.83 0.83 
Terminalia brownii  65.00 17.50 5.63 10.63 0.00 1.25 0.00 
Ziziphus spina-christi  38.33 20.00 2.50 26.67 0.00 9.17 3.33 
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Septate Fibers   
Table 19 shows that thirteen species have septate fibers.  Exclusively septate 
fibers were observed in Adansonia digitata, Lannea schimperi, Sclerocarya 
birrea, Boswellia papyrifera, Gmelina arborea, and Tectona grandis.  
Albizia amara, Ailanthus excelsa, Ceiba pentandra, Delonix regia, Ficus 
sycomorus, Khaya senegalensis and Sterculia setigera have both septate and 
non-septate fibers; the remaining species have exclusively non-septate 
fibers. 
 
These results were similar to those of Neumann et al. (2000) who reported 
that Adansonia digitata and Sclerocarya birrea have exclusively septate 
fibers, both of Khaya senegalensis and  Ficus sycomorus have septate and 
non-septate fibers and that all of  Acacia gerradii.  A. nilotica, A. senegal, A. 
seyal var.seyal, Anogeissus leiocarpus, Balanaites aegyptiaca, Tamarindus 
indica, Diospyros mespiliformis, Ziziphus spina- Christi and Tamarix 
aphylla have exclusively non-septate fibers.  Neumann et al. (2000) repoted 
that Sterculia setiger has exclusively non-septate fibers and Azadirachta 
indica has septate and non-septate fibers, these findings are in disagreement 
with those of the current study in which Sterculia setiger has  septate and 
non-septate fibers and Azadirachta indica has exclusively non-septate fibers.  
The results of the current study are in similarity with those of Yousif (2000) 
who found exclusively non septate fiber in Acacia gerradii A. senegal and 
A.nilotica,.  Also the experiment results are in agreement with the findings 
of Richter and Dallwitz (2000) who reported that Khaya senegalensis has 
both septate and non-septate fibers, Gmelina arborea and Tectona grandis 
have exclusively septate fibers 
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Table 19. Presences of septate fibers for the studied species     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
     S= exclusively septate  
     SN= septate and non-septate 
     N= exclusively non-septate 
 
Species Presence of 
septate fibers 
Acacia gerradii N 
A. senegal  N 
A. seyal var. seyal N 
A. sieberana N 
A .nilotica N 
Adansonia digitata S 
Ailanthus excelsa   SN 
Albizia amara   SN 
Anogeissus leiocarpus N 
Azadirachta indica N 
Balanites aegyptiaca  N 
Boswellia papyrifera  S 
Cassi fistula N 
Combretum hartmannianum N 
Ceiba pentandra    SN 
Dalbergia melanoxylon N 
Dalbergia sisso N 
Delonix regia  SN 
Diospyros mespiliformis N 
Eucalyptus camaldulensis N 
Euphorbia tirucalli  N 
Ficus sycomorus    SN 
Gmelina arborea  S 
Khaya senegalensis    SN 
Lannea schimperi  S 
Sclerocarya birrea S 
Sterculia setiger    SN 
Tamarindus indica  N 
Tamarix aphylla  N 
Tectona grandis  S 
Terminalia brownii  N 
Ziziphus spina-christi  N 
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It was observed that in families Anacardiaceae, Combertaceae, Verbenaceae 
and Papilionaceae, the tree species have the same type of fibers.  In 
Bombacaceae family Adansonia digitata has exclusively septate fibers 
while; Ceiba pentandra has septate and non septate fibers. In 
Caesalpiniaceae family both of Cassia fistula and Tamarindus indica have 
exclusively non-septate fibers, while Delonix regia has septate and non 
septate fibers.  In Mimosaceae family Albizia amara has septate and non-
septate fibers while the remaining tree species in this family have 
exclusively non-septate fibers.  In Meliaceae family, Khaya senegalensis has 
septate and non septate fibers while Azadirachta indica has exclusively non-
septate fibers (Table 19).  
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CHAPTER FIVE 
CONCLUSIONS AND RECOMMENDATIONS 
 
Conclusions 
 
1/ Highly significant variations among species were observed in all the 
investigated fiber characteristics.  
 
2/ Significant variations were found among trees within species in all of 
double wall thickness, runkle ratio and coefficient of suppleness, while no 
significant variations were observed in fiber length, fiber diameter, fiber 
lumen diameter and slenderness ratio.  
 
3/ Significant variations existed between samples within tree in all the 
investigated characteristics with exception of Runkle ratio. 
 
4/ Seven shapes of fiber tips were observed, namely, pointed/non distorted 
which represented 62.01% of the total fiber tips, it was the highest 
percentage, pointed/distorted from the same side (21.68%), pointed/distorted 
from the opposite sides (3.84%), pointed/denticulated/distorted from the 
same side (8.67%9), pointed/denticulated/distorted from opposite sides 
(0.09%) which was the lowest percentage, denticulated/ distorted from same 
side fiber tips (3.13%) and denticulated/distorted from opposite sides 
(1.59%). It was observed that in all of pointed, denticulated and 
pointed/denticulated fiber tips the percentage of the distorted from the same 
side was higher than that of distorted from opposite sides.  
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5/ Septate fibers were observed in thirteen species, while the remaining 
species have exclusively non-septate fibers.  The species with septate fibers 
were either exclusively septate like Adansonia digitata, Lannea schimperi, 
Sclerocarya birrea, Boswellia papyrifera, Gmelina arborea, and Tectona 
grandis or septate and non septate in the same species like Albizia amara, 
Ailanthus excelsa, Ceiba pentandra, Delonix regia, Ficus sycomorus, Khaya 
senegalensis and Sterculia setigera.  
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Recommendations 
 
- According to the findings of this study the fibers of Adansonia digitata, 
Ceiba pentandra and Sterculia setigera are long therefore they maybe used 
in paper making in which the desirable strength properties could only be 
obtained from long fibered wood species. 
 
- The differences between samples within tree showed significant variation 
in most characteristics therefore more research is needed to study the 
horizontal and vertical variation within a tree.  
 
- More research is needed to study the variation among the same species 
growing in different zones or sites. 
 
- Shapes of fiber tips need more research to study the variation among 
species.  
 
- Species with septate fibers need more research to study number of septa 
per fiber. 
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